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FOREWORD 


The starry sky on a clear night in a really dark place is 
uniquely magical. We can only imagine how our ancestors 
must have marveled at the night sky in the days before 
artificial lighting made it nearly impossible for many people 
to see any but the brightest stars. 

With this book, anyone can find out about the stars. 
Once you know some of their names and how to 
recognize constellations, what seem like random star 
patterns become a picture book in the sky. You will want to 
look up at night to see what you can recognize—Orion the 
Hunter, perhaps, the Great Bear, or the Heavenly Twins. 

However, there is more to the stars than a beautiful 
sky. There's a story to tell about how stars are born and 
change through their lives, ending as exotic white dwarfs, 
neutron stars, or stellar black holes. Stars light up glowing 
nebulae, huddle together in clusters, harbor families of 
planets and populate a universe of galaxies. And you will 
find all about it here. 

| became fascinated by the night sky as a young child. 
As | grew up, my curiosity about science grew too. | wanted 
to know more and more about the stars and the Universe 
so | became an astronomer. But the stars are there for all 
of us to discover. Read on! 


JACQUELINE MITTON 


<1 Hot blue stars and cooler yellow stars can be 
seen together in this Hubble Space Telescope 
image of the globular cluster M15. It is one of the 
oldest known star clusters, around 12 billion years 
old. M15 is located 35,000 light-years from 
Earth, and lies in the constellation Pegasus. 


UNDERSTANDING 
THE COSMOS 


After bursting into existence 13.8 billion years ago 
in the Big Bang, our Universe was for a time entirely 
dark because no light-generating objects had yet 
formed. After a few hundred mullion years, clumps 

of matter began to coalesce and heat up, and soon 
the Universe was bathed in light from the first stars. 
Today, stars are still the most numerous visible 
objects in the night sky. We see them as pinpricks 


QU! OF |Hit DARKNESS 


of light, seeming to differ only in brightness. However, 
Stars are actually extremely diverse, coming 1n 
a vast range of sizes and an array of colors. Some 
will eventually explode to give rise to such strange 
phenomena as pulsars and black holes. We now also 
know that many stars, like our Sun, are orbited by 
planets, some of which might harbor life. Around the 
time that the first stars ignited, the first galaxies 
were also forming. Clusters of stars merged into 
small galaxies, which in turn merged to make bigger 
galaxies. All the stars visible to the unaided eye are 
part of our home galaxy, the Milky Way, a structure 
so vast that light takes a hundred thousand years 
to cross it. But this galaxy is just one of untold 
bulions of galaxies in the cosmos. Gradually, by using 
| more and more powerful telescopes and other sensing 
Thefervarayofsasrenrhecenerofhs — JN Struments, astronomers are unlocking the secrets 


Hubble Space Telescope image is a compact 


waclkdWetewund?teoraieme OL Salaxies, along with gaining an understanding 

of the hottest, brightest stars known, each : 

with asuracetemperaurengherinan = OE the nature of mysterlous phenomena, such as dark 
a vast, star-forming nebula (cloud of gas 


oanele cine matter, in which galaxies seem to be embedded. 
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COSMOS 


THE UNIVERSE, OR COSMOS, IS EVERYTHING THAT EXISTS— 
ALL MATTER, ENERGY, TIME, AND SPACE—AND ITS SCALE IS 
QUITE MIND-BOGGLING. JUST ABOUT EVERYTHING IN IT 
IS PART OF SOMETHING BIGGER. 


The Universe has a hierarchy of structures. Our planet, Earth, is in 

the Solar System, which lies in the Milky Way Galaxy, itself just one 
member of a cluster of galaxies called the Local Group. The Local 
Group in turn is just a part of a larger structure, the Virgo Supercluster. 
Astronomers have recently identified a vast region of space they have 
called Laniakea (meaning “immeasurable heaven” in Hawaiian), which 
contains the Virgo Supercluster and other superclusters. Intriguingly, 
all the galaxies in it seem to be flowing towards a region at its center, 
called the Great Attractor. 


A Laniakea Supercluster 


Light asa yardstick In this depiction of Laniakea (yellow), white lines indicate the flow of 
galaxies towards a spot near its center. The approximate position of 

nothing Car Cross space faster Yet even one light-year—the distance across. It is thought to be surrounded by other similar regions (blue). 

light travels in a year, or about 6 trillion miles (9.5 trillion km)—is dwarfed 

by the largest structures in the known Universe. Only a fraction of the solar System small Magellanic Cloud 


whole Universe is visible to us: the part from which light has had time 
to reach Earth since the Big Bang. The true extent of the Cosmos is still 
unknown and it may even be infinite. 


Alpha (two stars) and 
Proxima Centauri 


Sun ‘ 
3S 
Earth 
w 
° 
-) & ft 
i ej > aul - Sagittarius Dwarf Large Magellanic 
e ° Galaxy Cloud 
® 
Milky Way 
Sirius AandB _-‘Phe Solar System and its stellar 
neighbours occupy just a tiny region 
Local stars of the Milky Way Galaxy, a vast swirling, 
A total of 32 stars, some grouped glittering disk that contains some 200 
together in star systems, lie within billion stars, enormous clouds of gas 
[2 Solar System 12.5 light-years of the Solar System. and dust, and a supermassive black 
Earth is part of the Solar System, which They range from dim red dwarfs, hole at its center. The Milky Way is over 
[1 Earth comprises our local star, the Sun, and invisible to the naked eye, to dazzling, 100,000 light-years across. Surrounding 
Our home planet is asmall rocky sphere _all the objects that orbit the Sun. The yellow or white, Sun-like stars. A few are it are several smaller, satellite galaxies. 
floating in the emptiness of space. most distant planet, Neptune, is about suspected to have their own planets. 
Earth's closest neighboring object is the 4.5 hours away at light speed, but the 
Moon. On average, it is a little more Solar System also includes comets that 
than one second away at the speed of are up to 1.6 light-years distant. 


light, so one could say that the Moon 
is one light-second distant. 


Local Group 
(including the 
Milky Way) 
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Andromeda 
Galaxy 
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Virgo Superciuster Virgo Cluster Ursa Major 
The Local Group of galaxies, together with several Cluster 


other nearby galaxy clusters, is contained within a 
vast structure called the Virgo Supercluster. This is 
100 million light-years across and contains tens of 


thousands of galaxies, arranged into clumps or 
clusters separated by large voids. 


Triangulum 
Galaxy 


Region 
observable from 
both planets 


15 | Local group 
The Local Group is a cluster of galaxies consisting of Earth 
the Milky Way, the Andromeda Galaxy (the nearest 
large spiral galaxy to the Milky Way), another spiral 
galaxy called Triangulum, and more than 50 other 
smaller galaxies. All occupy a region of space about 
10 million light-years across. 


Planet A 


Light from some of the 
most distant known 
Salaxies has taken over 
13 billion years— 
most of the age of the 
Universe—to reach us 
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OBSERVABLE 
UNIVERSE FOR 
PLANET A 
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UNIVERSE 
FOR EARTH 


<I The observable Universe 
Although the Universe has no edges 
and may be infinite, the part visible 
to us is finite. Called the observable 
Universe, it is the region of space 
from which light has had time to 
reach us during the 13.8 billion 
years since the Big Bang. Physically 
it is a sphere about 93 billion 
light-years across, with Earth at the 
center. The inhabitants of a planet 
located outside our observable 
Universe (Planet A) would have a 
different observable Universe to 

us, though the two observable 
Universes might overlap. 
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The Universe In a tiny, tiny 
starts as an fraction of a 
unimaginably second, the 
hot, dense point Universe expands 
of energy to the size of a city 


> Formation of the Universe 
The time sequence above depicts Some Key stages in 


Over the next 20 
minutes, particles 
called protons and 
neutrons form, 
then atomic nuclei 


the evolution of the Universe, from the Big Bang, to 
the formation of atoms, then stars and galaxies, and 
events through to the present day and into the future. 
Since the Big Bang, the Universe has cooled and 
grown larger through the expansion of space Itself. 


BIG BANG 


ABOUT 13.8 BILLION YEARS AGO, AN EXCEEDINGLY 
DRAMATIC EVENT MARKED THE BEGINNING OF BOTH SPACE 
AND TIME. FROM NOTHING, THE UNIVERSE SUDDENLY 
APPEARED AS A TINY POINT OF PURE ENERGY. 


Within an instant, in what is known as the Big Bang, the Universe 
expanded trillions of trillions of times, and then continued to get larger, 
at the same time cooling from its stupendously hot birth. During the 
first fractions of a second, a vast “soup” of tiny, interacting particles 
formed out of the intense energy. Some of these joined to make the 
nuclei (centers) of atoms—the building blocks of everything we can 

see in the Universe today. Tens of thousands of years later, actual 
atoms formed and then, after hundreds of millions of years, the 

very first stars and galaxies. 


After less than a 
trillionth of a trillionth of 
a second, energy starts 

turning into matter 


Around 380,000 
years later, atoms 
of hydrogen and 
helium form 


Gravity starts 
pulling the clouds 
of hydrogen and 
helium atoms 
into clumps 


The first stars form 
after about 550 
million years: 
around the same 
time, the first 
galaxies appear 


<1 Studying the Big Bang 
Using this complex machine, 
the Large Hadron Collider, 
scientists at the European 
Center for Nuclear Research 
(CERN) attempt to re-create 
the conditions that followed 
the Big Bang. In the collider, 
beams of high-energy 
particles are smashed together 
and the by-products studied. 


When the Universe is 
about 8 billion years 
old, its expansion 
Starts to accelerate 


Now 5 billion years 
old, the Universe 
consists of vast 
clusters of galaxies, 
separated by 
gigantic voids 


As they evolve and 
merge, galaxies 
grow larger and 
develop spiral 


The Solar System is beginning 
Structures 


to form in a Universe that is 
now about 9 billion years old 


A Evolving galaxies 

Looking deep into space also means peering far back in time 
towards the Big Bang. This Hubble Space Telescope image shows 
galaxies that are at greatly varying distances and so belong to 
different times in the evolution of the Universe. The more distant 
galaxies, from some of the earliest times, appear as fuzzy blobs. 
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Bang, the Universe has 
reached its present size 


The Universe is 
expected to carry on 
expanding forever 
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THE UNIVERSE 


COSMOLOGY—THE STUDY OF THE UNIVERSE AS A 
WHOLE-IS A FIELD OF ASTRONOMY THAT SEEKS TO 
ANSWER FUNDAMENTAL QUESTIONS CONCERNING THE 
SIZE, AGE, AND STRUCTURE OF THE UNIVERSE. 


Philosophers and astronomers have been grappling with such 
questions for thousands of years, with mixed success. The answer 
to one of the biggest—whether the Universe is finite or infinite in 
extent—is still not known for certain (although an infinite Universe 
seems more likely). Other fundamental 


questions about the nature of the 
Universe for which answers are 
now known include how and 
when the Universe began, 
whether it has any center 

or edges, and whether it 
encompasses more than 

just our galaxy. 


1931 


Primeval atom 

Belgian astronomer and priest Georges 
Lemaitre proposes his “hypothesis of the 
primeval atom.’ This suggests that the 
Universe has expanded from an initial 
extremely hot, dense state. His model also 
provides a solution to Olbers’ paradox. 


1948 


The first elements 


Russian-American physicist George Gamow and 
others work out how-starting with just subatomic 
particles (in this case protons and neutrons)—the 


nuclei of different light elements could have 


formed soon after the start of a very hot, dense, 


but rapidly expanding Universe. 


Georges Lemaitre 


c.1500-1200 sce 
Cosmic Egg 


Hindu text the Rigveda contains a hymn that 


describes the Universe as originating from 
a cosmic golden egg or womb known as 
Hiranyagarbha. This floated in darkness 
before breaking apart to give rise to Earth, 
the heavens (space), and underworlds. 


1920s 


Expanding Universe 

American astronomer Edwin Hubble proves 
that galaxies exist outside our own and 
observes that distant galaxies are moving 
away from us at a rate proportional to their 
distance. Other astronomers conclude that 
the whole Universe must be expanding. 


1949 


Hoyle coins the term “Big Bang” 

British astronomer Fred Hoyle coins the 
term “Big Bang” for theories that propose 
the Universe expanded from an exceedingly 
hot, dense state at a specific moment in the 
past. The term becomes popular, although 
Hoyle himself believes in a different theory. 


Albert Einstein 


Modern depiction 
of Hiranyagarbha 


4" Century BcE 


Aristotle’s Earth-centerd Universe 

The Greek philosopher Aristotle proposes a 
Universe that is finite in extent, but infinite 
in time and has a stationary Earth at its 
center. Aristotle outlined a complex system 
containing 55 spheres, the last of which 
marked out the “edge” of the Universe. 


General Theory of Relativity 

Einstein publishes his General Theory of 
Relativity, viewed today as the best account 
of how gravity works on cosmic scales. It 
proposes that concentrations of mass warp 
spacetime. He also devises equations that 
define various possible universes. 


Arno Penzias (left) and 
Robert Wilson (right) 


1965 


Cosmic Microwave Background Radiation 
Arno Penzias and Robert Wilson, astronomers 
at Bell Labs in New Jersey, discover the 
Cosmic Microwave Background Radiation 
(CMBR)—a faint glow of radiation coming 
from everywhere in the sky. It comes to be 
realized that this is a relic of the Big Bang. 
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3 Century BcE 


Sun-centerd Universe 

The Greek astronomer Aristarchus of 
Samos puts forward his idea that it is the 
Sun that sits at the center of the Universe, 
with the Earth orbiting it. Aristarchus also 
suspects that stars are bodies similar to 
the Sun, but much farther away. 


1905 


Spacetime continuum 

German physicist Albert Einstein's Special 
Theory of Relativity proposes that space 
and time form a combined continuum, 
spacetime. An inbuilt assumption of his 
theory is that no location is special—so 
the Universe has no center and no edge. 


COBE sky map 


1980 


Inflationary Big Bang theory 

The American physicist Alan Guth and 
colleagues suggest that the Universe 
expanded at a fantastically fast rate during 
an extremely early phase of its existence 


after the Big Bang. The theory helps explain 


the large-scale structure of the cosmos. 


Aristarchus 
of Samos 


1543 


A convincing mathematical model 

Polish astronomer Nicolaus Copernicus's 
book De revolutionibus orbium coelestium 
is published. It contains a detailed and 
convincing mathematical model of the 
Universe in which the Sun is at the center 
with Earth and other planets orbiting it. 


1755 


Objects exist outside our galaxy 

German philosopher Immanuel Kant 
suggests that some fuzzy-looking objects 
in the night sky are galaxies outside the 
Milky Way Galaxy—implying that the 
Universe consists of more than just the 
Milky Way, being considerably bigger. 


1992 


Variations in the CMBR 

Measurements by the COBE (Cosmic 
Backgroung Explorer) satellite reveal tiny 
variations in the CMBR, providing a picture 
of the seeds of large-scale structure when 
the Universe was a tiny fraction of its 
present size and just 380,000 years old. 


Bruno 


1584 


An infinite multitude of stars 

Italian philosopher and mathematician 
Giordano Bruno proposes that the Sun is a 
relatively insignificant star among an infinite 
multitude of others. He also argues that 
because the Universe is infinite, it has no 
center or specific object at its center. 


Sketch of 
Whirlpool Galaxy 


1610 


Argument against infinite Universe 

German astronomer Johannes Kepler argues 
that any theory of a static, infinite, and eternal 
Universe is flawed, since in such a Universe, a 
star would exist in every direction and the 
night sky would look bright. This argument 
later comes to be known as Olbers’ paradox. 


Computer 
simulation of 
gravitational 

waves 


1999-2001 


The existence of dark energy 
High-precision measurements of the 
CMBR and the recessional velocities of 
galaxies at different distances provide 
evidence for dark energy—a mysterious 
phenomenon that seems to be 
accelerating the Universe's expansion. 


2016 


Gavitational waves detected 

Physicists in the US announce that 
they have detected gravitational waves. 
The existence of these waves supports 
the Inflationary Big Bang theory and 
provides further confirmation of 
Einsteins General Theory of Relativity. 
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{AL OBJECTS 


SCORES OF DIFFERENT TYPES OF OBJECTS EXIST OUT IN SPACE, RANGING 


FROM COSMIC RAYS—CHARGED SUBATOMIC PARTICLES WHIZZING AROUND 
AT EXTREME SPEED—TO VAST, MAJESTIC GALAXY CLUSTERS. 


Stars are by far the most numerous objects that can actually be seen, because they emit 
their own light. Most other observable features of the night sky either consist mainly of 
stars (galaxies and star clusters) or are visible because they reflect starlight (planets, 
moons, and comets, for example). In addition, various extremely dim or entirely dark 
objects, such as brown dwarfs and black holes, are out there, but vary from extremely 
hard to near-impossible to detect. 


A Stars A Brown dwarfs 

A star is an extremely hot ball of gas that generates energy Brown dwarfs are “nearly-stars.” They are more massive than 
through nuclear fusion of hydrogen (and sometimes other most planets, but not massive enough to sustain the nuclear 
elements). All nearby stars are part of the Milky Way Galaxy, fusion of ordinary hydrogen, as stars do. This image reveals the 
which (as shown above) appears as a band across the night sky. dim glow from a brown dwarf (boxed) orbiting a Sun-like star. 


A Star clusters A Star remnants 


A star cluster is a large collection of stars bound together by When giant stars die, they leave various types of remnant. This 
gravity. Several thousand have been identified in our galaxy, always includes a compact remnant of the original star's core. 
and they fall into two types: globular clusters (like the one However, this ghostly looking object is gas and dust debris 
shown above) and open clusters. ejected from a star when it exploded as a supernova. 


A Comets 

Comets are chunks of ice and rock that orbit in the far reaches 
of the Solar System. A few stray close to the Sun—some at 
regular intervals. Frozen chemicals in the comet then vaporize 
to produce a glowing coma (head) and long dust and gas tails. 


Nebulae 
Nebulae are clouds of gas and dust in the vast expanses 

of space between stars. Many contain regions of star 
ico}anat-ldlo)aMmaese)aa(orm [t-4nlenico)aamare)mal-\Vole)gansic-licm = ellKas 
gas atoms in the nebula, which then begin to emit light 

in various colors. An example of one of these colourful 
objects is the Carina Nebula, shown here. It is a prominent 
naked-eye sky feature in the Southern Hemisphere. 


CELESTIAL OBJECTS 


<1 Galaxies 

A collection of stars, gas, 
dust, nebulae, star remnants, 
planets, and smaller bodies 
is called a galaxy. Four 
main types exist—spiral, 
barred spiral, elliptical, and 
irregular—the example 
shown here being a spiral. 
Called NGC908, it is known 
to be spawning new stars 
at a frantic rate. 


A Planets A Moons 

A planet is a near-spherical object that orbits A moon is any naturally occurring object 

a star. It can be rocky or gaseous but does not orbiting a planet or other body. Hundreds 
generate energy by nuclear fusion. This one is of moons have been identified in the Solar 
Mars in our own Solar System. System, including this satellite of Saturn, Mimas. 


A Galaxy cluster 

Galaxies are grouped into clusters, which are themselves gathered into larger 
aggregations called superclusters. This galaxy cluster, Abell 2744, contains 
hundreds of galaxies. The whole cluster is known to be immersed in a vast 
sea of a mysterious, invisible material called dark matter (see pp.74-75). 


Photosphere, the visible 
surface of a star 


Energy- 
generating 
core 


Interior consisting of 
extremely hot gas, 
through which energy 
gradually moves outward 


Prominence, a loop 
of hot gas emerging 
from the surface 


<1 Sun-like stars 

Although different-sized stars 
differ a little in their internal 
structure, all have the same 
basic features as the Sun-like 
star shown here. 


WHAT IS 
A STAR? 


A STAR IS AN ENORMOUS BALL OF EXTREMELY 
HOT GAS THAT PRODUCES ENERGY IN ITS CORE 
AND EMITS THIS ENERGY AT ITS SURFACE. 


All the individual stars we can see in the night sky are part 
of our own galaxy, the Milky Way. Although in cosmic terms 
these are all “local” stars, they are actually fantastically far 
away—the closest is nearly 25 trillion miles (40 trillion km) 
distant, and most are much farther off. Overall in our galaxy 
there are more than 200 billion stars, of which about 
10,000 are visible to the naked eye. 


Star appearance and variation 

We see all stars in the night sky as just tiny pinpricks of light. 
Some look brighter than others, but with the unaided eye 
they dont seem to differ much in color: all look rather white. 
In fact, stars are much more varied than might at first appear. 
They come in a vast range of sizes and temperatures, in 

an array of colors, and also differ greatly in age and life 
span. Many of these characteristics of stars are related. For 
example, a star's surface temperature and color are closely 
linked—a star with a relatively low surface temperature 
glows red, whereas hotter stars appear (with increasing 
temperature) orange, yellow, white, or blue. 


SPECTRAL CLASSIFICATION OF STARS 


Class Apparent Average surface Example star 
colour temperature 

0 Blue over 54,000°F Zeta Puppis, also 

(30,000°C) called Naos (Puppis) 

Deep bluish 7 ‘ , : 

B wis 36,000°F (20,000°C) Rigel (Orion) 
Pale bluish ‘ Sirius A 

‘i white Do eae 200) (Canis Major) 

° Procyon A 
y F White 11,700°F (6,500°C) (Canis Minor) 

G Yellow-white § 9,500°F (5,300°C) The Sun 

K Orange 7,150°F (4,000°C) Aldebaran (Taurus) 

M Red 5,350°F (3,000°C) Betelgeuse (Orion) 


A Star spectral classes 

The specrum of light from a star carries a lot of information 
about the star. By studying its spectrum, scientists can assign 
any star to a type, called a spectral class, of which the main 
ones are listed above. 
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Star classification 

Stars can be classified in many ways, but the 
system preferred by astronomers places the 
majority into seven main classes (O to M) 
based on their spectra—the light of various 
wavelengths received from them. A star's 
spectrum contains data relating to its color, 


temperature, composition, and other properties. 


In an attempt to see if there is any underlying 
pattern to the whole range of different stars, 
in around 1911 and 1913, Danish astronomer 


Ejnar Hertzsprung and American astronomer 
Henry Norris Russell independently plotted 
hundreds of stars on a scatter diagram 
according to their spectral class on one axis 
and luminosity (related to brightness) on the 
other. This revealed something interesting. Most 
stars fall into, and spend much of their lives in, 
a part of the diagram called the main sequence. 
Other parts are filled by giant stars—known to 
be nearing the end of their life—and by expired 
giant stars called white dwarfs. 


SURFACE TEMPERATURE (THOUSANDS OF DEGREES CELSIUS) 


V The Hertzsprung—Russell diagram 
Running diagonally across the diagram 

is the main sequence—an array of stable 
stars, ranging from cool red dwarf stars to 
hotter, bigger, bluish stars. Other parts are 
occupied by stars that were once on the 
main sequence but later evolved into 
luminous giants, and by white dwarfs. 
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STAR BRIGHTNESS 


STARS DIFFER HUGELY IN THEIR BRIGHTNESS AND IN THEIR 
DISTANCE FROM EARTH, ALTHOUGH ALL, APART FROM THE SUN, 


ARE EXTREMELY REMOTE. HOW BRIGHT A STAR LOOKS FROM EARTH 


DEPENDS OF COURSE PARTLY ON HOW FAR AWAY IT IS. 


Because stars are so far away, obtaining data about them is tricky. Most of the 
data about any star comes from studying the light and other radiation coming 
from it, while the distance to the least remote stars can be worked out by 
measuring tiny annual variations in their sky positions. 


Brightness 

There are two different ways of stating a star's brightness: apparent magnitude, 
which indicates how bright a star looks from Earth, and absolute magnitude, 
which expresses how bright it would look from a set distance—a better indicator 
of how brilliant it truly is. On both scales, a change of +1 on the scale means a 
decrease, and a change of -1 means an increase, in brightness. So, on the 
apparent magnitude scale, stars just visible to the naked eye score +6 or +5, 
while very bright stars score about +1 to 0, and the four very brightest have 
negative scores. The absolute magnitude scale runs from around +20 for some 
exceptionally dim red dwarfs to around -8 for the brightest supergiant stars. A 
stars absolute magnitude is related to a measurement called its visual luminosity. 
This is the amount of light energy that a star emits per unit of time. Luminosity 

is often stated relative to that of the Sun. 


YV Brightness comparisons 

The apparent and absolute magnitudes, and luminosities, of 11 different 
stars, including the Sun, are compared in the table below. The stars range 
from the relatively nearby red dwarf, Proxima Centauri, to distant but 
fantastically luminous supergiants, such as Rigel. 


MAGNITUDE AND LUMINOSITY OF SELECTED STARS 


Star Distance from Apparent Absolute Visual luminosity 
(Constellation) Earth magnitude magnitude (number of Suns) 
The Sun oe coun 26.74 4.83 { 
(Canin RS lghtyears aT a 
(Contam A taReyeers BO Le 
yale tp 
toy tigger a 250000 
(Contam) tigntyeas oA 8H 
oops) tightyears 06 8 i000 
(UsaNinn) ————_lightyears [i 
Usage) ————SBlahtyews 8B [ 
(Chas) Nye ‘087 HO 
‘ual 4.2 light-years 11.05 15.6 0.00005 


DISTANCE 


Alpha 
Centauri Hadar 


390 light-years 


44 light-years 


Aloha Centauri Hadar 


A Apparent magnitiude 

The two brightest stars in the photograph at the top—Alpha Centauri 
(left) and Hadar (right)—appear roughly as bright as each other. In other 
words, they have a similar apparent magnitude. But intrinsically, Hadar 
is much brighter because its absolute magnitude is greater. Alpha 
Centauri looks about as bright as Hadar only because it is about 

90 times closer. 


A Proxima Centauri 


This photograph is of a red dwarf star, Proxima Centauri. At 4.2 
light-years away, it is the closest star to Earth other than our Sun. 
Alhough brilliant in this Hubble Space Telescope image, relatively 
speaking it is a dim star with an absolute magnitude of +15.6 and 
a luminosity that is only a tiny fraction of that of the Sun. 
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Distance 


Distant stars in 


Stars other than the Sun are so far away that a special unit is needed 

to express the distance to them. This unit is the light-year and is 

the distance light travels through space in a year, which is about 

5.9 trillion miles (9.5 trillion km). The 100 brightest stars we can see 

in the night sky vary from 4.4 to around 2,500 light-years away. The 
distances to stars can be measured in various ways. For relatively nearby 
stars, a method called parallax is used (see right). For more remote stars, 
astronomers have to use more complex indirect methods. Because 
these methods are less precise, the distances to many stars, even to 
some of the brightest in the sky, are known only approximately. 


Struve 2398 A and B 
117.5 light-years 


61 Cygni A and B 
11.4 light-years 


This plane corresponds to 
the galactic plane—an 

imaginary plane coinciding 
with the disk of our galaxy 


Ross 154 
9.7 light-years 


KEY 


Red dwart 


White main- 
— sequence star 


White dwart 


Orange or yellow 
main-sequence star 


EZ Aquarii 
117.3 light-years 


Epsilon Indi System 
117.8 light-years 


Groombridge 34 A and B 
11.6 light-years 


Ross 248 
10.3 light-years 


Ross 128 
10.9 light-years 


Barnard's Star 
5.9 light-years 


Proxima Centauri 
4.2 light-years 


Alpha Centauri A and B 
4,4 light-years 


Lacaille 9352 
10.7 light-years 


background 


Earth in 
January 


Lalande 21185 
8.3 light-years 


Wolf 359 
7.8 light-years 


Luyten 726-8 A and B 
8.7 light-years 


YZ Ceti 
12.1 light-years 


AK 


Sun 


Nearby star 


Earth in 
July 


DX Cancri 


< Parallax method 

If a nearby star is viewed from 
Earth on two occasions, when 
Earth is at opposite sides of 
its orbit around the Sun, the 
nearby star seems to shift a 
little against the background 
of more distant stars. The 
amount of shift provides the 
basis for calculating how far 
away the star is. 


117.8 light-years 


Tau Ceti 


11.9 light-years 


Gliese 1061 
10.5 light-years 


Procyon A and B 
11.4 light-years 


Luyten's Star 
12.4 light-years 


Sirius A and B 
8.6 light-years 


L 
| 
! 
I 
! 
! 


e Epsilon Eridani 


10.5 light-years 


Vertical lines indicate the position of 
a Star relative to the galactic plane. 
Solid lines extend to stars above the 
plane, dotted lines to stars below it. 


A Nearby stars 

A total of 32 stars lie within 12.5 
light-years of the Sun. This chart 
shows their positions in space 
relative to the Sun at the center. 
Many are small, dim, red dwarf 
stars, but a few are larger, 
dazzling, yellow, orange, or white 
stars. Many belong to multiple 
star systems—two or three stars 
that orbit each other, bound 
together by gravity. 


RED HYPERGIANT 

VY Canis Majoris 

This red hypergiant has a 
radius of around.1,420 times 
that of the Sun, but it has a 
much shorter life span. 


RED SUPERGIANT 
Betelgeuse 

Once high-mass stars. have 
used the hydrogen.in their 
cores, they expand: into 
much larger supergiants. 


A lump of neutron 
star material roughly 
the size of a tennis 
ball would weigh as 
much as 40 times all 
the people on Earth 


BLUE SUPERGIANT 
Rigel A 
Having exhausted all the hydrogen in 
its core, Rigel A—the main component 
of the Rigel star system—has swollen 
to 750 times the diameter of the Sun. 


A Large stars 

Giant, supergiant, and hypergiant stars are all much larger 
than and brighter than main-sequence stars with the same 
surface temperature. Blue stars tend to be smaller than 
their red equivalents but are equally bright due to much 
higher surface temperatures than the red stars. 


20 million 40 million 60 million km 


oOo, © 


| 
20 million 40 million miles 
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STAR S|Z 


DESPITE APPEARING AS MERE PINPRICKS IN THE SKY, STARS 
DIFFER GREATLY IN SIZE, WITH MANY SO BIGTHATTHEY = = = = @y OW » 
DWARF OUR RELATIVELY SMALL SUN AND OTHERS SMALLER 
THAN SOME PLANETS IN OUR SOLAR SYSTEM. 


Star A’s track 
across face of star B 


The smallest stars are tiny, super-dense neutron stars that form after a 
giant star has collapsed. These stars are only 15 miles (25 km) in diameter. 
Most stars in our galaxy are dwarf stars, some of them with less than 

a thousandth of the Sun's volume. The largest stars, the super- and 
hypergiants, can be as much as 8 billion times greater in volume than 
the Sun. Stars are grouped into categories based on characteristics such 
as color, size, and brightness. A combination of color and brightness 


Dip in light curve 


Brightness 


Time 


A Measuring sizes 


indicates a star's size. For example, a bright blue star is smaller than an By examining the light curve during an eclipse in an eclipsing 
equally bright red star, because a blue star is hotter than a red star and ae ee eee ali lone 
it takes for one star to pass the other, thereby making it 


needs less surface area for it to be as bright as a cooler red star. possible to determine the diameters of the stars. 


ORANGE GIANT BLUE GIANT YELLOW DWARF > Ordinary star 

Pollux Bellatrix The Sun The Milky Way consists of 
The orange coloration Bellatrix is about 20 Stars in this category at least 200 billion stars, 
of Pollux indicates that million years old and are all main-sequence of which 90 percent are 
it has a lower surface has a diameter six Stars and very similar 


in the stable stage (main 
sequence) of their life cycle. 
The Sun is a main-sequence 
star categorized as a yellow 
dwarf. It has a diameter of 
864,000 miles (1.39 million 
km), but when it runs out 
of hydrogen it will swell into 
a red giant before losing its 
outer layers and finally 
becoming a white dwarf. 


temperature than the Sun. — times thatofthe Sun.  insize to the Sun. 


RED GIANT 

Aldebaran 

Aldebaran is an irregular 

variable, meaning that its 
size changes from time to 
time as it tries to balance 
out forces of gravity and 

outward pressure. 


eee ol 


> Dwarf stars 

Most stars are described as 

dwarf stars. This group of small, 

dim stars includes stars that are ae 
about the size of the Sun and oe 
many smaller red dwarfs and 

white dwarfs—tiny remnants of 


peo alarr ae eon Wel RED DWARF BROWN DWARF WHITE DWARF 

outer layers. Brown dwarfs are Proxima Centauri EROS-MP J0032-4405 Sirius B 

bodies without enough mass Red dwarfs are the most Not actually stars, most Sirius B is roughly 

to trigger nuclear fusion in numerous star type in our brown dwarfs are about the same size as Earth, 
their cores and are, in that galaxy and will eventually the same size as the planet but its mass is nearly 
sense, failed stars. also become white dwarfs. Jupiter in our Solar System. equal to that of the Sun. 


250,000 500,000 750,000 1million km 
: | YELLOW DWARF 


250,000 900,000 miles The Sun 


26 UNDERSTANDING THE COSMOS 


INSIDE A STAR 


A STAR IS EFFECTIVELY A MACHINE FOR TRANSFERRING 
FANTASTIC AMOUNTS OF ENERGY FROM ITS CENTRAL CORE, 
WHERE THE ENERGY IS PRODUCED, OUT TOWARD ITS FIERY 
SURFACE. THIS JOURNEY CAN TAKE 100,000 YEARS OR MORE. 


In a star, there is continuous flow of this energy from core to surface, 
where it escapes into space. The flow creates an outward-acting 
pressure, without which the star would collapse. The source of energy 
in the core of a star is the joining together, or fusion, of atomic nuclei 
(the central parts of atoms) to make larger nuclei. 


Energy production and transfer 

Nuclear fusion involves a tiny loss of mass, which is converted into 
energy. In most stars the dominant process is one in which hydrogen 
nuclei combine to form helium nuclei. From the core of a star, energy 
moves outward by radiation and convection. Radiation is the transfer of 
energy in the form of light, radiant heat, X-rays, and so on, all of which 
can be thought of as consisting of tiny packets of energy, called 
photons. Within a typical star, the gaseous material is so tightly packed 
that photons cannot travel far before they are absorbed and then 
reemitted in a different direction. So, energy transferred in this way 
travels outward in a slow, zigzag fashion. Convection carries energy 
toward the surface through circular motions of hot gas outward and 
denser cooler gas inward. Many stars contain layers, with different 
densities, some transferring energy by radiation, others by convection. 


> Inside a Sun-like star 

In a Sun-sized star, the core is surrounded by a radiative zone in which 
energy gradually zigzags outward through the emission and reabsorption 
of photons (packets of radiant energy). On reaching the convective zone, 
the energy flows to the surface by circular movements of hot gas outward, 
and cooler gas inward. At the star's surface, it escapes as light, heat, and 
other radiation. 


Helium nucleus 
(two protons and 
two neutrons) 


Hydrogen nucleus 
(proton) 


e.. 
e 
® 
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A Nuclear fusion in Sun-like stars 

In stars about the size of the Sun or smaller, the main fusion process 
is called the proton-proton chain reaction. Its overall effect is to 
convert four protons (hydrogen nuclei) into one helium nucleus, 
with the release of energy and some tiny subatomic particles. 


Neutron 


=> 


~ 


> 
=> 
A 


Positron ‘naw 
(subatomic particle) (subatomic particle) 


Photosphere 


Radiative zone 


Energy-generating core 


<1 Inside a high-mass star 

In stars much more massive 
than the Sun, energy cannot 
move through the dense region 
near the core by radiation, so 
moves by convection. Outside 
this is a less dense region 
where radiation is the main 
transfer process. 


Convective zone 


Radiative zone 
A region where energy slowly zigzags outward 
through emission and reabsorption of photons 


Core 
The central part of a star where energy 
is produced by nuclear fusion reactions 


Solar flare 
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Photosphere Forces inside stars 

Whatever the mass of a star, two opposing forces 
keep it in existence. These are gravity, acting 
inward, and a pressure force, acting outward. 
Normally the opposing forces inside a star are 

in equilibrium, so it maintains its size over long 
periods of time. But if something causes the 


forces to become imbalanced, the star will A Astar in equilibrium 
During most of the life of most stars, the 


Force of gravity 
pulling inward 
Convective zone 


Pressure pushing 
outward 


Energy production 
in star’s core 


Energy-generating core 


A Inside a red dwarf change size. FOr example, the cores of MeL inward-pulling force of gravity is exactly 
Inside a low-mass star (a red dwarf), the star's interior is stars heat Up toward the ends of their lives: balanced by the outward-acting pressure, 
mostly too dense for photons to penetrate far without the extra heat boosts the outward pressure, SO and the star maintains its size. If the forces 
being reabsorbed. Consequently energy is instead get out of balance, the star is destined to 
carried all the way to the surface by convection cells. the star swells into a giant or supergiant star. either shrink or swell. 
Convective zone 
Tachocline A region where energy is 
Transition zone between the carried outward by mass 
radiative and convective zones movements of gas 


Photosphere 

The star’s visible surface, from 
which heat, light, and other 
radiation flow into space 


Chromosphere 
An irregular layer of atmosphere 
above the photosphere 


) 
id Transition zone 
, | A narrow layer between the 
a | chromosphere and the corona in 
ee } which temperatures increase 


yr Corona 
The outer atmosphere, 

which is even hotter than 

the chromosphere 
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THE LIVES OF STARS 


ALL STARS START LIFE AS HOT BALLS OF GAS THAT HAVE Lives of medium- and high-mass stars 
CONTRACTED DOWN FROM LARGER CLOUDS OF GAS AND Medium-mass stars (about the size of the Sun) have shorter lives than 
DUST UNDER THE INFLUENCE OF GRAVITY. WHAT HAPPENS red dwarfs, lasting for billions to tens of billions of years. They swell 


TO ASTAR NEXT DEPENDS ON ITS INITIAL MASS. into red giants at the end of their lives. A red giant eventually sheds ts 
outer layers to form an object called a planetary nebula, together with 


Stars that form from the smallest clumps of gas and dust become relatively a hot, compact star remnant, known as a white dwarf. The very largest 


small, cool objects known as red dwarfs. These are the most common stars have the shortest lives, measured in millions to hundreds of 
stars in our galaxy and last for tens of billions to trillions of years. As red millions of years, because they use up their hydrogen fuel very quickly. 
dwarts age, it is theorized that their surface temperature and brightness In time, they form red supergiants, which disintegrate in stupendous 


increase until eventually they become objects called blue dwarfs, then explosions called supernovas. Depending on its mass, the core left by a 
white dwarfs. Finally they fade to cold, dead, black dwarfs. However, the supernova shrinks to one of two bizarre objects: a neutron star (see 


Universe is not yet old enough for even a blue dwarf to have formed. pp.36-37) or a stellar black hole (see pp.38-39). 
Large main-sequence stars produce As heavier elements are fused Eventually, the core turns into 
energy by fusion of hydrogen, then together in the core, the star iron, the star collapses, and it 
helium, then heavier elements expands to form a red supergiant explodes in a supernova 
High-mass Massive main- 
protostar sequence star Red supergiant Supernova 


Material in the cloud 
gradually shrinks down 


to disklike, spinning Medium-mass protostars As the star’s core runs out of When all the fuel is used, 
structures, with hot develop into stars of about the hydrogen, it begins to use the outer layers of the red 
centers, called size of the Sun, initially “burning” helium as fuel and the star giant are shed, forming a 
protostars hydrogen to produce energy expands to form a red giant planetary nebula 
Medium-mass Sun-like main- 
protostar sequence star Red giant Planetary nebula 
small protostars form Red dwarfs get hotter Blue dwarfs gradually cool, 
relatively cool, dim stars as they age, eventually first to white dwarfs then 
called red dwarfs becoming blue dwarfs finally to black dwarfs 


Red dwarf Blue dwarf Black dwarf 
Cloud of gas and dust Low-mass protostar 
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The smallest red dwarf 
stars can live millions 
of times longer than the 
largest hypergiant stars 


If the core remaining after the 
supernova explosion is more 
than three times as massive as 
the Sun, it shrinks to a miniscule 
size, creating a black hole 


Material ejected into space 
after a Supernova explosion 
may eventually be recycled 

into a new star 
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Black hole Supernova remnant 


If the core remaining after a 
supernova explosion has a mass 
between 1.4 and 3 times more 
massive than the Sun, it forms a 
neutron star, an extremely 
compact, city-sized spinning object 


Neutron star 


Supernova remnant 


At the center of a 
planetary nebula is the 
remnant of the red giant’s 
core: a small, bright star 
called a white dwarf 


In time, it is expected that 
a white dwarf will fade 
and dim, becoming a 
cold, dead star known 

as a black dwarf 


White dwarf 


Black dwarf 


<I The lives of stars 

Contrasted here are the life stories of 
three main categories of stars: (from 
top) high-mass stars, medium-mass 
(Sun-sized) stars, and low-mass stars. 
Stars in each category start off as 
protostars that have formed in star- 
forming nebulae, but the course of their 
lives thereafter can be very different. 


> Longer-term cycle 

Stars form partly from materials shed by 
previous generations of stars. Furthermore, 
the deaths of massive stars in supernova 
explosions can trigger changes within the 
interstellar medium—particularly within 
star-forming nebulae—that lead to the 
formation of new stars. 


<1 Star-forming region 

This site of intense star 
formation is known as the 
Pelican Nebula because 

part of it (near the top in this 
image) resembles the head 
of a pelican. It lies about 2,000 
light-years away. The bright 
blue objects in the image are 
stars located between Earth 
and the nebula. 


Stellar recycling 

Materials shed from dying stars join the interstellar medium (the name 
for gas and dust that exists in the space between stars). From there, 
these materials are recycled into making new stars. Soon after the Big 
Bang, the Universe contained only the lightest chemical elements: 
mostly hydrogen and helium. Nearly all other, heavier, elements—such 
as carbon and oxygen—have been made since then, in stars or in 
supernova explosions. Through the formation, evolution, and deaths 
of stars, these heavier elements have gradually become more abundant 
in the cosmos. Astronomers call the degree to which a star is rich in 
heavy elements its “metallicity.” Young stars tend to have the highest 
metallicities, as they contain materials that have already been recycled 
through several star generations. 


Gas and other 
matter ejected 
by stars during 
their lifetimes 


Material from stars 
joins with interstellar 
material to form huge 
clouds of gas and dust 


Stars shed material 


Cloud of gas 
and dust 


Protostars contract 
under the force of 
gravity and nuclear 
reactions start in 
their cores, forming 
new stars 


Dense parts of the 
clouds shrink down 
to form protostars 


Protostars 
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STARBIRTH 


STARS FORM OUT OF VAST CLOUDS OF COOL GAS AND 
DUST, CALLED MOLECULAR CLOUDS, THAT OCCUPY 
PARTS OF INTERSTELLAR SPACE. THE PROCESS OF 

STAR FORMATION WITHIN THESE CLOUDS CAN TAKE 
MILLIONS OF YEARS. 


The molecular clouds where stars are born can be hundreds of 
light-years across. Most sites of star formation are hidden inside these 
dense dusty clouds. However, there are places where the radiation 
from brilliant newly formed stars is clearing the dust away and is lighting 
up the surrounding gas. We see these star-forming regions as bright 
nebulae. They include the Eagle Nebula (see opposite) in Serpens, the 
Orion Nebula (see pp.164-65), and many others. Some specific dark 
concentrations of dust and gas sometimes seen within molecular 
clouds are known as Bok globules. These frequently result in the 
formation of double or multiple star systems (see pp.40-41). 


Star formation 
For star formation to start within a molecular cloud, a triggering event 
is needed. This could be a nearby supernova explosion, the passage of 
the cloud through a more crowded region of space, or an encounter 
with a passing star. The tidal forces and pressure waves that come into 
action during these situations push and pull at the cloud, compressing 
parts until some regions become dense enough for stars to form. 
Gravity then does the rest of the work of forming each star, pulling 
more and more material onto the developing knot of matter and 
concentrating most of it at the center. As the material grows denser, 
random motions are transformed into a uniform spin around a single 
axis. Collisions between particles jostling within the cloud raise its 
temperature, notably in the center, and the newly forming star begins 
to glow with infrared (heat) radiation. 

At this stage, the protostar (newly forming star) is quite unstable. 
It loses mass by expelling gas and dust, directed in two opposing 
jets from its poles. At its center, it eventually becomes so hot that 
nuclear fusion starts, and as the balance between gravity and 
outward-acting pressure begins to equalize, the protostar settles 
down to become a main-sequence star. 


Astronomers have calculated 
that on average about seven new 
stars per year are born in the 
Milky Way Galaxy, most of them 
somewhat smaller than the Sun 


Core Denser region 


begins forming 


Outward-acting 


Inward pull of gravity pressure 


1 | Dense region forms in a molecular cloud 


Some nearby event, such as a supernova, 

causes dense clumps to come together inside 

a molecular cloud under the action of gravity. 
These clumps will become clusters of stars. They 
break up further into smaller regions called cores. 


Glowing protostar 
forming at center 


Material falling 
inward 


Cloud 
flattens 


Inward force 
of gravity Outward pressure 


3 Protostar forms 


The contracting cloud forms into a flattened, 
spinning disk, a few light days across, with a hot 
central bulge, which eventually stabilizes as a 
rapidly spinning protostar. Material from the 
cloud falls inward and feeds onto the star. 


Planets start 
to form 


Nuclear fusion starts and 
Star begins to shine 


Disk containing gas 
and dust particles 


15 | Star ignites 


When its central core becomes hot enough, 
nuclear fusion reactions start within the protostar 
and it begins to shine as a fully fledged star. 
Over millions of years, planets may gradually 
grow from material in the disk of dust and gas. 


Direction of spin 


Denser region 


Inward force 


of gravity Outward pressure 


2 | Core starts to collapse 


Each core then starts to contract under the 
influence of gravity, and begins to slowly spin. 
Over tens of thousands of years, this spinning, 
gradually concentrating mass of gas and dust 
collapses down to less than a light-year across. 


Material flung out 
from pole of protostar 


Protostar Protoplanetary disk 


4 | Protostar ejects material from its poles 


Eventually the protostar spins so rapidly that 
new material falling onto it is flung back off. This 
excess material forms two tight jets emerging 
along the rotation axis. The cloud around the 
protostar flattens to form a protoplanetary disk. 


Mature 
planet in orbit 
around star 


Remaining gas blown 
away by radiation 


Newly born star 


6 | Planetary system forms 


Radiation pressure from the newborn star blows 

away the remaining gas (some may accrete onto 
gas giant planets). Eventually, all that remains is 

the star, any planets, and possibly some smaller 
bodies, such as comets and asteroids. 
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Eagle Nebula 

So-called because overall it vaguely 
resembles the shape of an eagle, the Eagle 
Nebula (M16) is one of the most spectacular 
star-forming nebulae in our galaxy. Here, tall 
oy] I-Nesee-lalem colelatele=4(e)010|(--me)melUim-lalemee)(e! 
gas mark regions of intense star formation. 
Already visible are several bright young stars 
whose light and winds are pushing back the 
remaining filaments of gas and dust. 
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NEBULAE 


PLANETARY NEBULAE ARE THE HEAVENLY EQUIVALENT 

OF SMOKE RINGS. RELATIVELY SHORT-LIVED, THEY ARE 
GRACEFUL CLOUDS OR SHELLS OF GAS PRODUCED DURING 
THE DYING DAYS OF SUN-SIZED STARS. 


Among the finest-looking celestial objects, planetary nebulae have 
nothing to do with planets—each is just part of the remains of a 
disintegrated star. The name planetary nebula comes from the nearly 
spherical, planet-shaped appearance of some of the first of these objects 
to be spotted. However, modern telescopes have revealed that they 
actually come in a wide range of shapes. Some planetary nebulae seem to 
be genuine rings or spherical shells of gas, but others are butterfly-shaped, 
hourglass-shaped, or can have any of an apparently infinite variety of 
other complex structures. What all planetary nebulae have in common is 
that they result from a red giant star becoming unstable at the end of its 
life and shedding its outer layers. The instability starts when the star begins 
to run out of materials to fuse in its core (fusion is the joining together of 
atomic nuclei to make larger nuclei, with the release of energy). 


Helium-fusing Thin outer layers Outward-acting 
shell of hydrogen gas pressure 


A Glowing eye nebula 

The patterning in this planetary nebula (NGC 6751)—including gas 
streamers moving away from the bright, central white dwarf—make 
it look like a giant gleaming eye. Blue regions mark the hottest gas, 
orange regions the coolest. It is around 0.8 light-years across. 


Inward-acting Star alternately 
force of gravity expands and contracts 


Carbon-rich core Hydrogen-fusing shell Star pulsates Gas in outer layers escapes 
(varies in size) or is pushed away 
1 | Aging red giant 2 | Star becomes unstable 3 | Star loses material from outer layers 
When a star of about the same mass as the Sun nears the Two forces maintain the size of the star: inward-acting At the extremes of each pulsation, the red giant expands 
end of its life, its energy production rises and it expands gravity and outward-acting pressure generated by at such a speed that gas in its outer layers can escape 
into a red giant as its outer layers puff out. An aging red energy output. The energy-producing fusion reactions the star's gravity altogether, billowing out into space. 
giant has a carbon-rich core surrounded by hot, dense are sensitive to changes in temperature and pressure, so The gas is also pushed away by the pressure exerted by 
shells of gas where helium and hydrogen fusion occur, tiny variations in these can cause instability in the star's particles and photons (tiny packets of light) blasted out 


producing huge amounts of energy. size, leading to large-scale pulsations. 


from the star's hot core. 
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White dwarfs 


When a red giant has shed all its outer layers of gas, forming a planetary 
nebula, what remains is a hot core consisting, in most cases, of carbon 
and oxygen. This object is called a white dwarf and is extremely 
dense—a teaspoonful of it would weigh several tons. A white dwarf also 
starts off extremely hot with a surface temperature of up to 270,000°F 
(150,000°C). However, it is not hot enough for internal nuclear fusion 
reactions to occur. Over extremely long periods of time, a white dwarf 
gradually cools and fades, eventually (it is envisaged) becoming a cold 
object called a black dwarf. However, the Universe is not yet old 
enough for any white dwarf to have cooled to the black dwarf stage. 


<1 Fleming 1 

This planetary nebula is highly 
unusual in that it contains two 
white dwarf stars circling close 
to each other at the nebula's 
center. Their orbital motions 
explain the presence of some 
remarkably symmetrical jets 
and other structures that weave 
into knotty, curved patterns in 
the surrounding gas. 


A Complex-structured planetary nebula 

This nebula (NGC 5189) has a complex structure, with two separate 
bodies of gas expanding outward in different directions. This might 
be explained by the presence of a second star orbiting the central 
white dwarf. The nebula lies about 3,000 light-years away. 


Hot core starts Central core 
Ejected gas forms to become is now fully Glow of excited Intensely hot 
a glowing nebula exposed exposed gas begins to fade white dwarf 


Gradually 
expanding and 
fading nebula 


| 4 | Planetary nebula forms 15 | Planetary nebula expands 6 | White dwarf remains 

As the star sheds more and more of its gas layers, its While the nebula expands into space, the excitation from Finally, almost all that remains is the exhausted core of 
core—at this stage usually consisting largely of carbon and its central star begins to dwindle, and the glow from its the star, known as a white dwarf. Although extremely hot, 
oxygen produced by helium fusion—becomes exposed. gases starts to fade. A planetary nebula typically lasts for it looks faint from a distance because of its small size. As 
Intense ultraviolet radiation given off by the core heats the a few tens of thousands of years (compared to billions the nebula’s material drifts away, it becomes part of the 
ejected clouds of gas, which begin to glow or fluoresce in of years for a typical Sun-like star), and during this time interstellar medium—the diffuse matter that fills the space 


a variety of colours due to variations in temperature. it continually evolves. between stars in a galaxy. 
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Core and surrounding 


shells (layers) 


Outward pressure 


SUPERNOVAE 


A SUPERNOVA IS THE CATACLYSMIC EXPLOSION OF, IN 
MOST CASES, A HIGH MASS STAR AT THE END OF ITS LIFE. 
A SUPERNOVA BLASTS OUT SO MUCH LIGHT AND OTHER 
ENERGY THAT IT CAN BRIEFLY OUTSHINE A GALAXY. 


Supernovae are quite rare astronomical events in individual galaxies. 
None has been clearly observed in our galaxy since 1604, when 

a supernova some 20,000 light-years away was visible to the naked 
eye. However, a growing number of supernovae have been spotted 
in other galaxies, including one in the Large Magellanic Cloud (a 
satellite galaxy of the Milky Way) in 1987. A new, bright, supernova 
might occur in our galaxy at any time. 


Types and causes 

Supernovae are classified according to their spectra into various types, 
such as 1a, 1b, and Il. Types II and Ib are the main varieties in which 
very high mass stars explode. As they reach the end of their life, these 
stars swell into supergiants and obtain their energy from nuclear fusion 
reactions going on in their cores and in a series of shells or layers 
surrounding their cores. Eventually they start making iron in their cores, 
but fuel for this process soon runs out. As iron itself cannot be fused 

to supply energy, energy output in the core suddenly ceases, and this 
triggers a massive explosion. 


some chemical elements 
can be forged only in the 
extreme high-energy 
conditions of a Supernova 


Outer layers of 
hydrogen gas 


Core, where 
fusion is 
producing iron 


Inward pull of 
gravity balances 
outward pressure 


=i 


Red supergiant on the brink 


A supergiant at the end of its life (left) is supported by energy 
output from its core, where fusion is producing iron, and from 
the surrounding shells or layers. Pressure produced by this 
energy output balances the inward force of gravity (above). 


Type 1a supernovae 

Although most supernovae are caused by the rapid collapse and violent 
explosions of very high mass stars, one type—known as a Type la 
supernova—has a different mechanism. Supernovae in this category 
occur in binary star systems (pairs of stars orbiting each other) where 

at least one star is a white dwarf (see p.20). The transfer of material 

from a companion star onto a white dwarf, or the collision of two white 
dwarfs, can both cause Type 1a supernova explosions. These explosions 
tend to have a uniform light output, which makes observations of them 
in distant galaxies useful for measuring the distances to those galaxies. 


'1| Matter transfer 
between orbiting stars 


An aging star, which has 
swelled into a red giant, 
begins to spill some gas from 
its outer layers onto a white 
dwarf star it is orbiting. This 
can lead to bright outbursts, 
called novae, on the surface 
of the white dwarf. 


| 2 | White dwarf explodes 


The white dwarf’s mass 
gradually increases from 

the extra gas it is acquiring. 
Eventually it becomes 
unstable and explodes as 

a Type la supernova. The 
explosion may cause the red 
giant star to be blasted away. 


Matter spilling 
from red giant 


Red giant star 


White dwarf 


Red giant 
blown away 


White dwarf explodes 
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Fusion in core stops 


Once the iron-producing fusion process slows 
down, energy output and pressure in the core 
suddenly drop, since iron itself cannot be fused 
to produce energy. The whole star becomes 
vulnerable to collapse. 


Supernova explosion 

When a supergiant star explodes, 
temperatures can reach billions of degrees. 
In the extreme conditions, atoms of various 
heavy chemical elements are forged from 
collisions between subatomic particles. 
Some elements, such as lead and gold, 

are naturally made only in supernovae, 
which are the original source of all atoms 
of these elements in the Universe. 


lron-producing fusion Outward 
in core ceases apts neutrino burst 


Core implodes 


3 | Core collapses, neutrinos released 


As the core implodes at almost one-quarter of 
the speed of light, its iron nuclei decompose 
into neutrons. This event is accompanied by 

a brief but extremely intense burst of tiny 
subatomic particles called neutrinos. 


Ejected neutrinos 
and other matter 


4 | Star explodes 


The collapsing star rebounds from the 
compressed core with a cataclysmic shock 
wave that compresses and heats the outer 
layers. Material is thrown out, while the core 
becomes either a black hole or neutron star. 


Black hole 
or neutron 
star forms 


Star blasted apart 
by shock waves 
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NEUTRON 5 / AS 


A NEUTRON STAR IS AN EXCEEDINGLY DENSE, HOT STAR 
REMNANT, FORMED FROM THE COLLAPSE OF THE CORE OF A 


Axis of rotation 


MUCH LARGER STAR—FOUR TO EIGHT TIMES MORE MASSIVE _ Neutton sats pif 
THAN THE SUN-IN A SUPERNOVA EXPLOSION. vol linen ae 


Neutron stars are tiny—only about 7-15 miles (10-25 km) across, or 
about the size of a large city. They are so dense that if a piece the size 
of a grain of sand was brought to Earth, it would weigh the same as a 
large passenger airplane. Because they are so compact, neutron stars 
produce extremely strong gravity: an object on a neutron stars surface 
would weigh 100 billion times more than on Earth. Whereas normal 
matter is made of atoms—which contain a lot of empty space— 
neutron stars consist of much more compact matter, mainly the 
subatomic particles called neutrons. 


Surface : 
A neutron star's gravity PU 
is So strong that its solid y 
surface, which is a million 
times stronger than steel, 
is pulled into an almost 
perfectly smooth sphere 


Radiation beam 

Neutron stars produce 
beams of electromagnetic 
radiation from their 
magnetic poles 


A Features of a neutron star 


spinning object, with a surface temperature of 
about 1,080,000°F (600,000°C). The surface 


is extremely smooth, its highest “mountains” 
being no more than 4% in (Smm) tall. Neutron 
stars produce beams of electromagnetic 


radiation, which can be light, radio waves, 
X-rays, or gamma rays. 


Magnetic field 


A neutron star has 

an extremely powerful 
magnetic field, which 
rotates at the same 


speed as the star 


A neutron star is an extremely dense, spherical, 
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A\ Heart of the Crab Nebula 

In the center of the Crab Nebula is a neutron star that is spinning 30 times a second 
and blasting out a blizzard of particles from its surface, as well as radiation beams 
from its poles. In this image taken by the Chandra X-ray Observatory, the ringlike 
structures around the pulsar (central blue-white dot) are shock waves produced 
where the wind of high-speed particles is plowing into the surrounding nebula. 


Pulsars 

As they spin and sweep their radiation beams through space, neutron 
stars are like celestial lighthouses. If at least one of the radiation beams 
points toward Earth at some point in each rotation, then from Earth 

it will be detectable as a series of radiation pulses. Neutron stars that 
are detectable in this way are called “pulsars,” and the timing of their 
off/on signals have a precision comparable to that of an atomic clock. 
The first pulsar was discovered in 1967, but today more than 2,000 
are known about in the Milky Way and nearby galaxies. 


Beam of radiation not 
aligned with Earth 
Earth Earth 


Direction of 
pulsar’s spin 


Neutron star 


A Pulsar off 

As a pulsar rotates, its radiation beams continually sweep 
through space. At the instant shown here, neither beam 
points at Earth, so from the perspective of an observer on 
Earth, the pulsar is “off” 


A Pulsar on 


A moment later, one of the pulsar’s radiation beams is 
pointing at Earth. With the right equipment, this will 

be detectable on Earth as a brief signal or pulse of light, 
radio waves, X-rays, or other radiation. 


A Pulsar 3058 

This image, taken with a camera that detects X-rays, shows the remains of an 
ancient supernova explosion. The bright central region, partially obscured by gas 
that emits X-rays (shown in blue), contains a pulsar. This is producing X-ray beams, 
which extend for trillions of miles to either side and have created loops and swirls 
(shown in blue and red) in other remnant material from the supernova. 


A neutron star’s gravity is so 
strong that it bends light emitted 
from its surface. So, if you could 
look at one you would See part of 
its far side as well as its near side 


Beam of 
Beam of radiation radiation not 
aligned with Earth Earth 3 aligned with Earth 
A Pulsar off 


Very shortly afterward, the radiation beam is no longer 
aligned with Earth, so the pulse or signal switches “off” 
again. The off/on/off pulses occur at very regular intervals, 
characteristic of that pulsar. 
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BLACK HOLES 


A BLACK HOLE IS ONE OF THE STRANGEST OBJECTS IN 
THE UNIVERSE—A REGION OF SPACE WHERE MATTER 
HAS BEEN SQUEEZED INTO A MINUSCULE POINT OR 
RING OF INFINITE DENSITY, CALLED A SINGULARITY. 


In a spherical region around the singularity, the gravitational 
pull toward the center is so strong that nothing, not even light, 
can escape. The boundary of the region of no escape is called 
the event horizon, and anything passing inward through this 
boundary can never return. There are two main types of black 
hole. Stellar black holes form from the collapse of the cores of 
supergiant stars that have exploded as supernovas at the ends 
of their lives. Supermassive black holes are much bigger and 
are thought to exist at the centers of most galaxies. 


Detecting black holes 

Because it emits no light, a black hole cannot be observed or imaged 
directly. However, some black holes can be detected from their 
strong gravity, which attracts other matter. These black holes may 
have disk-shaped collections of gas and dust around them that 

are spiraling into the black hole, at the same time throwing off vast 
amounts of X-rays or other radiation. The easiest ones to detect are 
those that produce jets of high-energy particles from their poles. 


spin axis 
singularity singularity 
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Ergosphere 


Event horizon Event horizon 


Nonrotating black hole Rotating black hole 


A Nonrotating and rotating black holes 

Black holes fall into rotating and nonrotating types—astronomers think that most 
rotate. In a nonrotating black hole, the singularity is a point of infinite density 

at the center of the hole, whereas in the rotating variety, the singularity 

is ring-shaped. In both types, the event horizon—the boundary of the region of 
no escape—forms the surface of a sphere. However, around a rotating black 
hole’s event horizon is an additional region, the ergosphere. Anything entering 
this is dragged around by the black hole's spin. 


> Gravitational light bending Singularity 
A black hole'’s gravity is so strong that it 

warps nearby spacetime (see p.73) and 

bends the paths of passing light rays. Event 

Shown here are the paths of four, originally horizon 

parallel, light rays traveling near a black 

hole. The first two have their paths 

radically altered and the third ray ends 

up circling the black hole, just outside its 

event horizon. The fourth ray goes through 

the event horizon and spirals into the hole. Light rays 
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Supermassive black hole 

At the center galaxy NGC 4258 is a vast 
black hole into which matter is spiraling, 
at the same time producing powerful jets 
of high-energy particles. These jets strike 
the disk of the galaxy and heat the gas 
there to thousands of degrees. That is 
why the center of the galaxy looks bright, 
not black. The image combines various 
types of radiation, including visible light 
(yellow), infrared (red), and X-rays (blue). 


STARS 


OUR SUN IS A LONE STAR WITH NO COMPANIONS. HOWEVER, MOST 
OF THE STARS WE CAN SEE IN THE SKY BELONG TO MULTIPLE-STAR 
SYSTEMS—THAT IS, TWO OR MORE STARS ORBITING EACH OTHER, 
BOUND BY GRAVITY. 


The stars in a multiple-star system can orbit one another in various different ways. 


A pair of stars circling around a common center of gravity is called a binary system. 


If the two stars have the same mass, the center of gravity is halfway between them. 
More commonly, one star is heavier than the other, and the two stars have orbits 
of different sizes. In systems of three or more stars, various more complicated orbits 
are possible. For example, two stars may orbit each other closely, with the third 
circling the closely orbiting pair at a great distance. Overall, more than half the 
stars in the Milky Way Galaxy are part of multiple-star systems. These systems are 
different from star clusters (see pp.44-45), which are large collections of stars only 
loosely bound by gravity. 


True and optical binaries 

A star that looks like a single point of light may actually consist of two stars located 
very close together in the sky. Where these stars are also close together in space and 
gravitationally bound—they orbit each other—they are known as “true” binaries. 
An example is Albireo in the constellation Cygnus (see pp.124-25). In contrast, 
some Star pairs that happen to be close in the sky are not close in space, and are 
not gravitationally bound—they just happen to be in the same direction as seen 
from Earth. Doubles of this sort are called optical doubles. An example is a star 
pair called Algedi, or Alpha Capricorni, in the constellation Capricornus (see 
pp.186-187). Its two components are more than 600 light-years apart. 


Red giant 


Center of gravity 
equal distance 
from stars 


A Equal mass 

In binaries that consist of two stars 
of equal mass, the stars will orbit a 
common center of gravity, which 
lies midway between the two stars. 


Center of gravity 
lies inside 
high-mass star 


A Significant difference in mass 


Sometimes one star is much heavier 
than the other. In such cases, the center 
of gravity may lie at the surface of the 


more massive star, or even inside it. 


Center of gravity 
closer to more 
massive star 


A Unequal mass 

If one of the stars in a binary system 
is more massive than the other, the 

system's center of gravity lies closer 

to the higher-mass star. 


Single center 
of gravity 


A Double binary 

In a double binary or quadruple 
system, each star typically orbits one 
companion, and the two pairs orbit 
a single center of gravity. 
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Nova eruption Interacting binaries 
Sometimes, two stars are so close that material flows from one to the other. These 
systems are called interacting binaries. The transferred matter forms a disk, called an 


White dwart 

accretion disk, as it spirals in toward the receiving object. It may also release X-rays. 
If one of the stars in the binary is a white dwarf, explosions called novae may occur 
from time to time on the surface of the white dwarf. 

A Transferring material Accretion disk A Mira system 

In this interacting binary, a red giant orbits a The star system Mira in the constellation Cetus consists of a 

white dwarf. Material from the giant is spilling red giant (which happens to vary in brightness) and a white 

onto the dwarf, forming an accretion disk with dwarf, clearly separate in this X-ray image, with some material 

occasional nova outbursts. connecting the two stars. 


> HD 98800 system 

This artist's impression of the 
HD 98800 system shows two 
pairs of binary stars. All four 
stars are bound by gravity, but 
the distance between the two 
pairs is about 4.5 billion miles 
(7.5 billion km). A disk of 

gas and dust, with two distinct 
belts, surrounds one of the 
star pairs, and it is suspected 
that there is a planet orbiting 
in the gap between the belts. 


<1 True binary 

This telescope image clearly shows two bright 
stars—one gold, the other blue. The two stars are 
so close in the sky, however, that to the naked eye 
they look like a single star, which is known as 
Albireo (Beta Cygni). Astronomers think that 
Albireo’s two components orbit each other, so 
they constitute a true binary, although each orbit 
takes about 100,000 years. 


> Di Cha system 

This complex star system, some 520 light-years 
away, contains four stars arranged in two 

pairs. Only the the two brightest are clearly 
visible in this Hubble Space Telescope image. 
However, all four stars are young and surrounded 
by a wispy wrapping of dust. 
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STARS 


MANY STARS DO NOT SHINE WITH A STEADY LIGHT. SOME 
OCCASIONALLY DIP OR FLARE IN BRIGHTNESS, WHILE 
OTHERS SLOWLY PULSATE. THESE ARE EXAMPLES OF WHAT 
ARE CALLED VARIABLE STARS. 


Stars varying in brightness, as seen from Earth, fall into two main 
categories, called intrinsically variable and extrinsically variable. In 
intrinsically variable stars, the amount of light emitted by a star varies 
in a regular cycle, or pulsates, or it occasionally flares up. In extrinsic 
variables, something affects how much of the star's light reaches Earth. 


Pulsating variables 

These intrinsically variable stars continuously change in diameter, in 

a regular cycle, because of fluctuations in the forces that affect their 
size (see pp.26-27). In a class of stars called Cepheid variables, a close 
relationship exists between the average light output of the star and 
the length of its pulsation cycle. This relationship allows astronomers 
to determine distances within our galaxy and to other galaxies. 


Hottest state Coolest state 


(exaggerated here) 


A Cepheid variable 

This star, called RS Puppis, a Cepheid variable, varies in brightness 
by a factor of five in cycles lasting 41.4 days. As this Hubble Space 
Telescope image shows, the star is shrouded by thick clouds of dust. 


star expands then contracts 


Period of one pulsation 


LUMINOSITY 


TIME 


A Light curve of a pulsating variable 

The amount of light emitted by a pulsating variable fluctuates in a cycle that, depending on the 
star, can last for anything from several hours to hundreds of days. The fluctuations are closely 
related to changes in the star's size. 


Flaring or cataclysmic variables 

Another type of intrinsically variable star, a nova, or cataclysmic variable, 
is the sudden brightening of a white dwarf star in a binary system (two 
stars orbiting each other, see p.41). It is caused by a nuclear explosion 
on the white dwart’s surface. This occurs because the white dwart’s 
companion star—usually a giant star—has grown so large that its outer 
layers of hydrogen gas are no longer gravitationally bound to the star 
and instead fall onto the white dwarf. Subsequently, fusion reactions start 
up within the accumulated hydrogen on the surface of the white dwarf, 
triggering a runaway nuclear explosion. Prior to the outburst, the binary 
system may have been invisible to the naked eye, so the outburst brings 
the system into visibility as a “nova” (which is Latin for “new’) star. 

Some binary systems produce recurrent novae, separated by quiet 
periods ranging in length from a few years to thousands of years. 


A Luminous red nova 

This outburst, from the star V838 Monocerotis, 
was at first thought to be a regular nova, but it 
is now suspected be due to two stars colliding. 


A GK Persei nova 


GK Persei has produced a nova about every three 
years since 1980. Surrounding it is an expanding 
cloud of gas and dust called the Firework Nebula. 


Binary star systems 

Extrinsic variable stars owe their apparent variations in brightness to 
something other than changes in light output. The most important 
group of extrinsic variables are eclipsing binaries. These are binary 
systems (two stars orbiting each other) with an orbital plane that 
lines up with Earth. From time to time, one star eclipses (blocks 

out light from) the other as seen from Earth, causing some dimming. 
A slight dimming occurs when the brighter star eclipses the fainter 
star, and a more significant dimming when the fainter star eclipses 
the brighter one. The first eclipsing binary to be discovered was Algol, 
in the constellation Perseus. This actually consists of three stars, of 
which two regularly eclipse each other. Each time the fainter of the 
two eclipses the brighter, which occurs every 2.86 days, there is a 
roughly 70 percent dimming for about 10 hours. 

A different and somewhat unusual cause of extrinsic variability 
occurs where two closely orbiting stars in a binary system have 
acquired distorted, ellipsoidal shapes. These are called rotating 
ellipsoidal binaries (see right). An example is the bright star Spica 
(actually a pair of stars) in the constellation Virgo. 


Brighter star 


@ - 


When the brighter star 
is eclipsed, a big dip 
occurs in light output 


LUMINOSITY 


. Period for one orbit 


TIME 


A Light curve of an eclipsing binary 

Eclipsing binary stars are detected by regularly occurring apparent dips in a star's brightness. These 
dips in brilliance occur when one of a pair of stars partially blocks the light coming from the other star, 
as seen from Earth. The biggest dip occurs when the dimmer of the two stars eclipses the brighter star. 
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VARIABLE STARS 


Companion 
Star 


Center of gravity 


a 


Larger star 


A Eclipsing and ellipsoidal variables 

In this type of variable, two stars that are orbiting a common center of 
gravity become distorted into ellipsoidal (egglike) shapes. Sometimes 
they appear side-on (as here) and at other times end-on (appearing 
smaller and rounder), which affects how bright they look from Earth. 


When dimmer star (orange) 
is eclipsed, a small dip 
occurs in light output 


e- 


Light curve is steady, 
with sudden changes 
during eclipses 


<1 Binary orbit sequence 
These 10 frames from a 
movie made with a special 
infrared-sensitive camera 
show two young stars orbiting 
a shared center of gravity. 
The images were taken using 
the ADaptive Optics Near 
Infrared System (ADONIS) 

at the European Southern 
Observatory at La Silla, Chile. 
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STAR 


A LARGE GROUP OF STARS BOUND TOGETHER BY 
GRAVITY—ANYTHING FROM A DOZEN TO SEVERAL 
MILLION STARS—IS CALLED A STAR CLUSTER. THE 
MILKY WAY GALAXY CONTAINS THOUSANDS OF 
THESE SPECTACULAR STAR AGGREGATIONS. 


Star clusters fall into two types: globular and open. 
Globular clusters are ancient, dense cities of stars, some 
containing more stars than a small galaxy. Open clusters, 

in contrast, are young, contain far fewer stars, and are often 
the site of new star creation. Many open clusters, and a few 
globular ones, can be seen in the night sky with the naked 
eye. Both types can be a magnificent sight when viewed 
through binoculars or a telescope. 


Globular Clusters 
Globular clusters are groups of between 10,000 and several 
million mostly very old stars arranged roughly in a sphere. 
More than 150 clusters like this exist in the Milky Way— 
each can last for 10 billion years. The stars in a cluster tend 
to be concentrated toward its center and move in random 
circular orbits around the center. 

Many globular clusters consist of a single population 
of stars that all have the same origin, similar ages, and 
chemical composition. However, some contain two or 
more populations that formed at different times—through 
some of the more massive stars in the initial population 
dying and materials from them being recycled into a 
second star generation. 


Open Clusters 

Open clusters are groups of up to a few thousand stars 

that were formed roughly at the same time from the same 
cloud of gas and dust. They are more loosely bound by 
gravity than globular clusters, and they survive for a shorter 
time—from a few hundred million up to a few billion years. 
Unlike globular clusters, which occur in all types of galaxies, 
open clusters are found only in spiral and irregular ones, 
where stars are actively being created. Around 1,100 clusters 
of this type have been identified so far in the Milky Way. 


Our galaxy’s largest 
globular cluster, called 
Omega Centauri, contains 
about 10 million stars 


Y Cluster distribution in spiral galaxies 

Globular and open clusters exist in different parts of 
spiral galaxies like the Milky Way—globular clusters in 
the halo region, above and below the main disk, and 
open clusters in the galaxy’s disk and spiral arms. 
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Mature cluster 


Second generation stars 
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A Evolution in a globular cluster 

In this example of cluster evolution, some of the first star generation 
(red) die. Material from them then forms a second generation (blue), 
more concentrated at the centre of the cluster. Gradually their orbits 
change, mixing them with the older red stars. 


A M7 open cluster 

Also known as the Ptolemy cluster, this array 
of around 80 stars lies in the constellation of 
Scorpius. Alhough 980 light-years away, it is 

easily seen with the naked eye. 


One of the largest and brightest globular 
clusters in the night sky, 47 Tucanae is 


located in the Southern Hemisphere 


(eo) aisix=)i-lalela mela Uler-lal-Walomialom acl <ave 
eye it looks like a fuzzy patch in the sky, 


but telescopes reveal it be an immense 


47 Tucanae globular cluster 


swarm of several million stars. The cluster’s 
central region is so crowded that many 
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PLANETARY SYSTEMS 


ANY GROUP OF PLANETS ORBITING A STAR OTHER THAN 
THE SUN IS CALLED AN EXTRASOLAR PLANETARY SYSTEM. 


THE INDIVIDUAL PLANETS CIRCLING AROUND IN THESE 


SYSTEMS ARE CALLED EXOPLANETS. 


More than 2,000 exoplanets have been discovered so far, mostly in the last ten years 
or so. About half are gas-dominated planets, about the size of Jupiter or Neptune in 
the Solar System, orbiting close to their host stars. These hellishly hot, star-snuggling 
gas giants are known as ‘hot Jupiters” or “hot Neptunes.” Many smaller, probably rocky, 
exoplanets have also been discovered—some about the size of Earth—as well as cold 
gas giants. The types of stars that exoplanets orbit vary from red dwarfs to Sun-like 


Stars, red giants, and even pulsars. 


Perhaps the most remarkable fact about exoplanets is that they can be detected 
at all. Finding a body many light-years away that emits no light of its own and that 
orbits a much bigger, brighter body (a star) presents many challenges. So far, relatively 
few exoplanets have been imaged directly with telescopes, but around a dozen 
methods have been devised for detecting them indirectly. Three of the most 


successful of these methods are explained below. 


On average, each star in 
the Milky Way galaxy has at 
least one planet orbiting it 


A Direct imaging 
The star Fomalhaut has a disk of 
dust and gas around it, as shown 
above (the star itself has been 
blacked out). A planet in the disk 
has been directly imaged by the 
Hubble Space Telescope. The 
planet and its path are shown in 
the image to the right. 


> Transit method 

This approach involves 
detecting miniscule dips 
in a star's brightness, 
caused by transits 
(movements) of a planet 
across the face of the star. 
To do this, an extremely 
sensitive light-detecting 
instrument is used. 


> Gravitational 
microlensing 

The gravity of a star can 
bend light coming from 
a more distant star. This 
means it can act like a 
lens and magnify the 
distant star as it appears 
from Earth. An exoplanet 
orbiting the lensing star 
produces detectable 
variations in the amount 
of magnification. 


[>> Doppler spectroscopy 
An exoplanets orbit causes 
a “wobble” in the motion 
of its host star. As a result, 
light waves coming from 
the star are alternately 
slightly lengthened 
(making them look redder) 
and shortened (making 
them look bluer)—a 
measurable phenomenon. 


The host star of a hot 
Jupiter is usually white, 
yellow, or orange and 
roughly Sun-sized 


Exoplanet star 
Planet tracks ‘ 
across face of star Dip in star’s 
oy light curve 
= 
= 
> 
ca 
Time 
Path of light without 
gravitational lensing 
Light bent 
towards Earth 
niciant sear Lensing effect caused 
by gravity of star 
Lensing star F > 
— Earth 
Exoplanet’s gravity 
Exoplanet modifies lensing effect 
Exoplanet 
Light waves 
lengthened 
Wobble in as star moves 


star’s motion 


Star 


away from Earth Earth 


3 
< 
Exoplanet’s Light waves shortened as 
orbit Star moves towards Earth 


Habitable zone 


> Kepler-62 system lf is set by ) 
In 2013, the Kepler Space Telescope discovered five planets weather in its atmosphere. 
orbiting the star Kepler-62, which lies 1,200 light-years from - . 
Earth. Two of these planets orbit in an area known as the 

habitable zone (or “Goldilocks zone’), where temperatures are 

just right for water to exist at the surface. e 


® @ 

Properties of Exoplanetary Systems V Kepler-62 planets | | 
An artist's impression of the five Kepler-62 planets is 

More than half of known exoplanetary systems shown below: they are too far away to photograph. 

consist of a single star with a single planet e The two on the right may be rocky planets with 

Mi bade surface water. Little is known about the others 
orbiting It (in nen of these there ley be except for their size and the fact that their surface 
other, so far undetected, planets). However, = must be extremely hot. 


as of February 2016, more than 500 
multiplanetary systems—containing two or 
more planets—had been discovered. Some 
contain five, six, or in a few cases, seven 
planets. Of particular interest in any planetary 
system is its habitable zone. This is the region 
around the central star where temperatures are 
right for water—essential for life as we know 
it—to collect on the surface of any planet with 
a rocky surface. A planet that looks like it could 
be rocky and is in a star's habitable zone is of 
extra interest because it could harbor life. Sun-scorched Mars-sized Largest planet Earth-like Cold earth 


A CoRoT 


MULTIPLANEIARY 
SYSTEMS 


MANY EXOPLANETS RESIDE WITHIN MULTIPLANET SYSTEMS— 
GROUPS OF TWO OR MORE PLANETS ALL ORBITING THE 
SAME DISTANT STAR OR EVEN, IN SOME CASES, A PAIR OF 
STARS THAT ARE THEMSELVES CIRCLING EACH OTHER. 


These intriguing multiplanet systems are quite diverse in terms of the 
mix of different sizes of planets they contain, the types of host star, 
and the number of planets that orbit within the host star's (or stars’) 
habitable zone. Hundreds have been found already, at distances 
ranging from a few light-years to thousands of light-years from Earth. 
Only a few of the systems that have been discovered bear much 
resemblance to our Solar System, although a handful contain one 
or more roughly Earth-sized planets within a stars habitable zone, 
and so hold out the possibility of harboring life. But new systems 
are regularly detected, and data about the planets already found is 
frequently being updated, so this situation is constantly changing. 


<1 Kepler 

Since its launch in 2009, NASAs Kepler 

space telescope has sought out exoplanets, 
particularly Earth-sized ones, using the transit 
method. By early 2016, it had detected 84 
multiplanetary systems, each containing 
between two and seven planets, as well 

as many single planet systems. 


> Planet types 

This bar graph shows the numbers of different 
sizes of all exoplanets (both confirmed and 
unconfirmed) up to early 2016. The different 
sizes are defined by radius in comparison with 
Earth's radius (so Super-Earths, for example have 
radii between 1.25 and 2 times Earth's radius). 


One of the main mission objectives / 
of the CoRoT spacecraft, launched j f f 
in 2007, was to detect transiting f f i 
extrasolar planets. After finding 25 : | 
exoplanets, it was retiredin 2013. | j @ 
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Kepler-69 is a Sun-like star 
with two planets, one of them 
a Venus-like super-Earth 


HD 10180 is one of just 
three systems known to 
have at least seven planets 


Kepler-90’s seven planets 
include two inner rocky 
Earth-sized planets 
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<I New worlds 

Shown here are details of 118 systems whose 
distance from the Solar System is known. They 
are shown arranged in a spiral according to 
distance from the Solar System (and not in 
their actual configuration in space). With each 
system, the type of host star and number of 
planets is shown, while for a select few, the 
system's habitable zone is marked, as well 

as the types of planets in the system. 


HD 215497 has a hot 
super-Earth planet 
orbiting close in and a 
Saturn-sized object in 
its habitable zone 


KEY 


Host Star 


BD 082823 @ Red dwart 


® Orange main-sequence star 


© Yellow main-sequence star 


e@ Red dwart/yellow 
e main-sequence binary 


e@ Red dwart/white dwarf 
binary 


#® Pulsar 

~ Yellow-white 
main-sequence star 
White main-sequence star 


@ Blue subdwart 


@ Unknown star type 


Planet 


® Jupiter-sized (Jovian) 
or larger 


® Neptune-sized (Neptunian) 
® Super-Earth (Superterran) 


®  Earth-sized or smaller 
(Terran, Subterran, 
and Mercurian) 


Habitable zones of O 
selected host stars: 


(Only shown where at least one 
planet in the system falls within 
the habitable zone) 


Kepler-47 is a binary 
Star system with at 
least two planets, 
which orbit both stars 
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GALAXIES 


GALAXIES ARE FOUND IN A HUGE VARIETY OF SHAPES AND 
SIZES, FROM COMPLEX SPIRALS LIKE OUR MILKY WAY TO 
HUGE BALLS OF ANCIENT RED AND YELLOW STARS, AND 
SHAPELESS CLOUDS OF GAS, DUST, AND NEWBORN STARS. 


Galaxies are the only places in the Universe where matter is densely 
packed enough for stars to form, and most stars spend their whole 
lives within them. Held together by gravity, most galaxies are thought 
to have a supermassive black hole at their center. 


Types of galaxies 

American astornomer Edwin Hubble confirmed the existence of 
galaxies beyond the Milky Way in the 1920s. He subdivided them into 
several distinct types distinguished by a code of letters and numbers. 
Elliptical galaxies (types EO to E7) are all roughly ball-shaped, but range 
from rounded spheres to elongated cigars. Today we know that they 
are dominated by old red and yellow stars. Spirals (types S and SB) 

are flattened disks with dense areas of star formation in the spiral arms, 
and older red and yellow stars in the center. Lenticulars (type SO) have 
a central hub surrounded by a disk, but no spiral arms, while Irregulars 


(type Irr | and II) are fairly shapeless clouds rich in star-forming material. 


Ellipticals 


EO 


A M89 


A M32 

E2 galaxies, such as the Andromeda Galaxy's 
satellite M32, have one axis noticeably longer 
than the other, and tend to be fainter than the 
brightest EO galaxies. 


EO galaxies, such as M89 in Virgo, are 
almost perfect spheres of stars. They 
include the brightest and largest giant 
elliptical galaxies. 


A Hubble’s tuning fork 

Edwin Hubble arranged the various galaxy 
types in the shape of a musical tuning fork. 

He thought this illustrated the way that galaxies 
evolve over time, although the true story is 
rather more complex (see pp.62-63). Ellipticals 
are numbered according to their shape, with EO 
the most round in shape. There are two distinct 
types of spiral galaxy—normal spirals (type Sc to 
Sc or Sd), in which the spiral arms emerge 
directly from the central hub, and barred spirals 
(SBa to SBc), in which the arms attach to the 
ends of a straight bar crossing the hub. 


A Elliptical galaxies 

Elliptical galaxies, suchs as M60 (shown here with the spiral galaxy NGC 4647), 
are ball-shaped star systems created by countless stars in overlapping elliptical 
orbits tilted at a wide range of angles. They have very little of the gas needed 
to support new star formation, which leaves them dominated by long-lived, 
low-mass red and yellow stars. They range in size from sparsely populated 
dwarfs to vast “giant ellipticals,” which are the largest galaxies in the Universe. 


ES 


A M110 A ESO 381-12 


Lenticular (SO) galaxies have a central hub and 
a flattened disk of stars similar to those in spiral 
galaxies, but there is little new star formation 
due to a lack of gas. 


More elongated galaxies, such as M110, also a 
satellite of the Andromeda Galaxy, are actually 

somewhat disk-shaped. The orbits of their stars 
are flattened in one plane due to rotation. 


Astronomers think there are as many 
galaxies in our Universe as there 
are stars in the Milky Way Galaxy 


GALAXIES 5] 


Irregular galaxies 

Irregular galaxies are relatively shapeless clouds of gas, 
dust, and stars. The best known examples are the Large 
and Small Magellanic Clouds, which are the Milky Way's 
brightest satellite galaxies. Irregulars are rich in the raw 
materials of star formation and are often undergoing 
intense bursts of starbirth that make them bright for their 
size. Larger irregular galaxies show signs of some internal 
structure, such as central bars or lone, poorly defined 
arms. Hubble classified these as Irr | galaxies, compared 
to the truly shapeless Irr II irregulars. 


[> NGC 1427A 

Dwarf irregular galaxies are 
thought to play an important 
role in galaxy evolution. Their 
stars have relatively few heavy 
elements, and probably 
represent raw material left 
over from the early history 

of the Universe, which has 
only recently ignited into star 
formation. NGC 14274, for 
example, is lit up by newborn 
bright stars whose birth was 
triggered by its plunge into 
the Fornax galaxy cluster. 


Spirals 


A NGC 7217 A M91 
Spiral galaxies of type Sa, such as NGC 7217 in Pegasus, havea ___ Type Sb spirals have less tightly wound spiral arms emerging 
central hub of older stars surrounded by a disk of starsand gas. _ directly from the hub. M91 in Coma Berenices has relatively 


Concentrated waves of star formation create tightly wound arms. _ faint spiral arms for a galaxy of this type. 


Cs 


SBa 


A NGC 4921 A NGC 7479 

Barred spirals follow the same general classifications Type SBb spirals, such as NGC 7479 in Pegasus, have 
a looser spiral structure but retain an obvious central 
bar emerging from either side of the nucleus. 


as barless ones. SBa galaxies, such as NGC 4921 
in Coma Berenices, have tightly wound spirals. 


A M74 

Sc spirals such as M74 in Pisces have more loosely wound 
arms but are generally as bright as types Sa and Sb. The 
loosest Type Sd spirals, however, are usually a lot fainter. 


A M95 


Type SBc galaxies have the loosest spiral arms, as seen 
in the beautiful M95, a barred spiral in some 38 million 
light-years away in Leo. 


GALAXY 


1 Spiral galaxy 

At 21 million light-years away, the Pinwheel 
Galaxy (M101) is relatively close to Earth. It is also 
roughly 50 percent bigger than the Milky Way, 
making it is one of the few galaxies in which 
individual regions can be studied. The Pinwheel 
has an extensive system of spiral arms. It 
appears lopsided, with the core, or nucleus, 
offset from the true centre, probably as a result 
interactions with other galaxies in the past. 


Barred spiral galaxy 

This galaxy, NGC 1300, is considered the 
prototype of the barred spiral galaxy. Instead of 
spiralling all the way to the central nucleus, the 
galaxy's two spiral arms are instead connected to 
each other by a straight bar of stars that includes 
the nucleus. This detailed Hubble Space 
Telescope image reveals that the nucleus has its 
own spiral structure. Gas in the bar is funneled 
inwards before spiraling into the nucleus. 


Elliptical galaxy 

Apart from a simple ball shape, elliptical 
galaxies show little structure. Giant ellipticals 
such as IC 2006, shown here in an image taken 
in visible light by the Hubble Space Telescope, 
initially formed billions of years ago and are 
thought to have grown larger as they absorbed 
satellite galaxies. Due to its age, IC 2006 is 
made up of old, low-mass stars and there 

is NO, Or minimal, star formation activity. 


4 Lenticular galaxy 

This type of galaxy is named after its overall 
lenslike, or “lenticular” shape. NGC 2787 is one 
of the closest lenticular galaxies to Earth. This 
visible-light image shows tightly wound, almost 
concentric lanes of dust encircling the galaxy’s 
bright nucleus. Several bright blobs of light can 
be seen on the edge of the galaxy. Each of 
these is, in fact, a cluster of several hundred 
thousand stars orbiting NGC 2787. 


5 | Irregular galaxy 

Many irregular galaxies are what 
astronomers call “starburst galaxies,” 
characterized by waves of new star 
formation. NGC 4214 is one such 
galaxy. Its abundant supply of hydrogen 
gas is fueling the emergence of bright 
clusters of new stars, while the presence 
of older red stars provides evidence of 
earlier episodes of star formation. 


The largest of all galaxies, known as 
the giant ellipticals, may each contain 
many trillions of stars 
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HE MILKY WAY 


ALL THE STARS WE CAN SEE IN THE SKY LIE WITHIN THE CONFINES OF OUR 
HOME GALAXY, THE MILKY WAY. THIS VAST STAR SYSTEM, CONTAINING 
HUNDREDS OF BILLIONS OF STARS, IS A BARRED SPIRAL WITH A COMPLEX 
STRUCTURE AND IS ABOUT 120,000 LIGHT-YEARS ACROSS. 


The Milky Way's visible stars form a disk orbit at different rates depending on their 
centered on a bulging hub. Despite its vast distance from the hub, so the arms cannot 
diameter, the disk averages only a thousand be permanent structures. Instead, they stand 
light-years deep. From our point of view on out because they are the active regions of 
Earth, we see many more stars looking across star formation. Here, stars are born, and the 


the plane of the disk than when we look “up” or — most massive and luminous among them 
‘down’ from the plane and out into intergalactic pass through their short life cycles before their 
space. This is why we see our galaxy asa broad — orbits can carry them out into the wider disk. 
band whose countless faint and distant stars 


merge together in a milky band of light. Spiral arms 
The central bulge of the Milky Way is Astronomers have recently confirmed that the 
dominated by low-mass, red and yellow Milky Way is a barred spiral galaxy. Its central 


stars with a high metallicity (see p.29), but the hub is crossed by a rectangular bar of stars 
surrounding disk is filled with gas, dust, and some 27,000 light-years in length. Our galaxy’s 


younger stars. As with all spirals, stars are spiral arms are the result of stars, gas, and dust 
scattered across the disk, but the brightest moving in and out of a spiral-shaped “traffic 
are concentrated into the spiral arms. Stars jam” called a density wave (see opposite). 


The latest evidence suggests that the 
Milky Way has four spiral arms—two 
major and two minor—with distinct 
differences among their stars 


Heart of the Milky Way 

Globular Thick Central Halo High iat-me altel t--4(e)amelmelelmex-Ucbaa-lccmal(elel 1a 
clusters disk bulge velocity star behind intervening star clouds and dust 
lanes, but X-rays and infrared can pierce the 
veil to reveal complex structures, giant star 
clusters, and an enormous black hole with 
iiatom a atetSce)MSo0.- 6-1 Maal Colas lalce (clanlererelel-ve 
in the bright gas cloud to right of the image). 


<1 Cross section of the Milky Way 

Seen from the side, the Milky Way consists of a 
disk of stars around a bulging hub some 8,000 
light-years across. A broad halo region above 
and below the galaxy appears largely empty, 
but is home to globular star clusters, as well 

as stray high-velocity stars and hot gas ejected 
Thin disk from the galactic plane. 


a 


FORMATION OF SPIRAL ARMS 


< Perfectly ordered orbits 
In an ideal situation, objects 
in elliptical orbits around a 
galaxy's center would have 
their longest axes in perfect 
alignment with each other. 
Objects naturally move more 
slowly at the outer edges of 
their orbit when they are 
farther from the center. 


<I Chaotic orbits 

In a completely chaotic 
scenario, the orbits of objects 
within a galaxy would be 
aligned in a range of different 
directions, and no spiral 
structure would form. The 
example here shows the 
same number of orbits as 
the other two (left and right). 


<1 Density wave 

Spiral structure arises 

when orbits are pulled into 
alignments that offset slightly 
from one another, often due 
to tidal forces from another 
galaxy. As a result, orbits slow 
down and material packs 
together in spiral-shaped 
areas of higher density. 


MILKY WAY IN THE SPOTLIGHT 


The Solar System is part of a barred spiral galaxy ALMASs 66 dishes are either 39 ft (12m) or 


called the Milky Way Galaxy. In this wide-angle 23 ft (7m) in diameter and observe the sky 

view, the Milky Way's plane is seen as an arc above _at wavelengths between the infrared and radio 

the antennae of the Atacama Large Millimeter/ parts of the spectrum. ALMA sits at high altitude— 
submillimeter Array (ALMA) on the Chajnantor 16,400 ft (5,000 m) above sea level—in a very dry 
plateau in Chile. It glows with the light of a mass region where the air contains hardly any water 

of distant stars interspersed with dusty nebulae vapor to absorb the radiation. The thinness of the 
and patches of glowing gas, where new stars atmosphere above it and the low interference from 
are being born to join the existing billions that other radio signals also make the plateau ideal for 


make up our galaxy. observing at these wavelengths. 
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3 300 Absannd <1 Rotation curves 
= (185) Faecraunie Because the Milky Way is not a solid object, 
= of Milky Way stars and other objects orbit the center at 
= different speeds. If the distribution of mass 
x< matched the concentration of visible 
= 200 : objects, then we might expect stellar speeds 
a (124) edie tie to fall off with distance like those of planets 
=) ordinary matter in the Solar System. In fact, they trail off 
= much more slowly, which is an indication 
= of dark matter lying beyond the visible disk. 
= 100 . 
aa ws fe 
= / i 
tu pot 
oH sf 
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DISTANCE FROM GALACTIC CENTER (THOUSANDS OF LIGHT-YEARS) ; J 

FROM ABOVE 
OUR GALAXY IS A VAST DISK OF STARS ABOUT 120,000 LIGHT-YEARS r is 
ACROSS. THE VAST MAJORITY OF STARS WE SEE IN OUR SKIES, | THOUSAND LIGHT-YEARS 
HOWEVER, ARE CONFINED TO A MUCH SMALLER NEIGHBORHOOD 49 | =a J 3 | 
AROUND OUR SOLAR SYSTEM. 3 
The Milky Way contains between 100 and 400 billion stars, most of which are dwarfs | [a 


with only a fraction of the Sun’s mass. Nevertheless, the Galaxy's overall mass is 
between 1 and 4 trillion solar masses—far more than the combined mass of its stars. 
While much of the extra mass is accounted for by dust and gas in the galactic disk, all 
this normal matter is vastly outweighed by so-called dark matter (see pp.74-75). 
Studies suggest that there are at least 100 billion planets orbiting the stars, and . F 
perhaps many more. Most of the visible material is in a central bulge and a flattened 
disk just 1,000 light-years deep, with stray stars, globular clusters, and large amounts 
of dark matter in the halo region. 


Sparse outlying 
dust flows along 
magnetic field lines 


Concentration 
of dust near 
galactic plane 
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<1 Dust and magnetism 

Although dust makes up a relatively small 
proportion of our galaxy’s composition, it 
plays an important role in the formation of 
stars and planets. What's more, its particles 
tend to align in relation to local magnetic 
fields. Microwave emission from dust particles 
can therefore be used as a way of revealing 
the Milky Way's overall magnetic field, as 
shown on this map from ESAs Planck satellite. 
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<{ Central regions of the Milky Way 


ee »  » According to the latest research, the Mil 
 WESTERHOUT 31 : rang , ‘y 
m , > gra * Way's central bulge is crossed by a bar of 
One of our galaxy’s largest 
star-forming regions, W31 e stars. Concentrations of gas and young stars 
lies about 42,000 light-years ‘*. : trace the outlines of four spiral arms, although 
away on the far side of the oe the exact structure is still uncertain. This map 


galactic center. focuses on the central regions, where the 


Milky Way's arms are at their brightest, but 
sparse outer arcs of stars and a halo of dark 
matter extend much farther out. 
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The Milky Way's largest 
globular cluster orbits high 
above the galactic plane 
some 16,000 light-years 
from Earth. 


CYGNUS RIFT 
Just 300 light-years from 
Earth, the dust clouds of the 
Cygnus Rift obscure a large 
swathe of the nearby galactic 
plane from view. 


+ CARINA NEBULA 
This bright star-forming 
nebulae, about 8,000 
light-years from Earth, is 
home to Eta Carinae, a 
giant unstable star. 
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"SOLAR SYSTEM 

Our Solar System lies on the 
inner edge of the arm called 
the Orion Spur, within an 
expanding region of gas 
called the local Bubble. 
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CRAB NEBULA 

This famous supernova 
remnant, also known as M1, 
lies 6,500 light-years from 
the Solar System in the 
Perseus Arm. 


Se ea 
_ —_—————— 


V434 CEPHEI 
One of the largest stars known, 
this red supergiant lies in the 
Cepheus OB2 association, a 
star-forming region about 
9,000 light-years from Earth. 
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/E GALAXIES 


MANY GALAXIES SHOW SIGNS OF ENERGY OUTPUT FROM THEIR 
CENTRAL REGIONS THAT CANNOT BE EXPLAINED BY STARS ALONE. 
THESE ACTIVE GALAXIES APPEAR VARIED, BUT ALL CAN BE EXPLAINED 


BY THE SAME MECHANISM. 


Active galaxies generate vast amounts of 
energy—not only visible light but also as 

radio waves, X-rays, ultraviolet radiation, and 
gamma rays—from regions near their center. 
These galaxies are divided into four major 
types: Seyfert galaxies, radio galaxies, quasars, 
and blazars. Seyfert galaxies are otherwise 
normal-looking spiral galaxies with a bright and 
concentrated source of radiation embedded in 
their center, and unusual overall energy output 
that cannot be explained through starlight alone. 
Radio galaxies, in contrast, are distinguished 
by two large clouds of radio-emitting gas on 
either side of a central galaxy (in some cases, 
narrow jets can be seen linking them to the 
heart of the galaxy). Quasars are very distant 
galaxies with an intense starlike source of 

light, far brighter than a Seyfert galaxy, at their 
center. They are also sources of radio waves, 


Radio lobes 


and vary in brightness over hours or days. 
Finally, blazars are broadly similar to quasars, 
but have distinctive differences in their 
radiation that mark them out. 

Astronomers think that all these different 
types of activity are actually caused by the 
same kind of object—an engine called an 
active galactic nucleus (AGN). The speed 
at which AGNs change their energy output 
means that they can be no larger than our 
Solar System, and the only object capable 
of releasing such vast amounts of energy in 
such a small region of space is a superheated 
“accretion disk" of matter falling into a 
supermassive black hole. The amount of 
material falling into the black hole, and the 
AGN's alignment as seen from our point 
of view on Earth, determine which type of 
active galaxy we see. 


Tightly aligned jets 
of particles emerge 


from the AGN 


Entire active region 
is just a few light- 
years across 


A Whole galaxy A Dust torus 
From a distance, an active galaxy 
may be surrounded by two huge 
lobes of radio emission, created 
as jets of particles ejected from 
the central disk encounter gas 

in intergalactic space. When the 
central AGN is visible, its light 
output can dwarf that of the 
surrounding galaxy. 


The active galaxy’s central 
regions are surrounded by a 
thick doughnut-shaped ring 
or torus of light-obscuring gas 
and dust. If we see this ring 
edge-on, then the surrounding 
radio lobes are the only visible 
sign of unusual activity, 
manifesting as a radio galaxy. 


Dust torus Accretion disk 


Supermassive 
black hole 


A Nucleus 


At the heart of the active galactic 
nucleus is a supermassive black 
hole. With the gas of a million 

or more Suns, it pulls material 

to its doom, heating it to millions 
of degrees where it emits intense 
radiation. If the particle jet points 
directly toward Earth, the AGN 
creates a blazar. 


Ancient nucleus 

Light from quasars is redshifted by huge amounts, 
revealing, due to the expansion of the Universe (see 
pp.70-71), that they are billions of light-years away and 
incredibly bright. As a result we are seeing them during 
a much earlier stage of cosmic evolution. Astronomers 
suspect that most galaxies go through a quasar phase 
early in their history. 


“Light echo” 
formed where 
gas reflects 
radiation from a 
burst of activity in 
the recent past 


Location of 


central black hole 
A The active Milky Way 


Our own galaxy’s supermassive black hole has long ago 
swept up the material from its immediate surroundings and 
become dormant, but objects such as stray asteroids still 
occasionally wander into its grasp. When this happens, matter 
is violently torn apart, resulting in intense bursts of radiation. 
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cluster called the Local Group, alongside the 4 billion years, when the night skies of a future te rei 
spiral Andromeda Galaxy (M32), the smaller Earth may bear witness to the astonishing Sak «erg 


Triangulum spiral (M33), the Large and Small scene shown in this artist's impression. ce gg a 
Magellanic Clouds, and several dozen dwarf Collisions between stars will be rare, but REO ec es 
galaxies of various types. Andromeda and the colliding gas clouds will trigger waves of new Ne ete a 
Milky Way are by far the heaviest galaxies in the star formation, and as the mass of the two “Tha 
group, and are being pulled together by gravity — galaxies becomes concentrated at the center, ee | 


with ever increasing speed. Approaching at the galaxies will form a single giant system, er eevee e 
68 miles (110 km) per second, the two galaxies | sometimes nicknamed “Milkomeda.” Fe Se T es) 
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64 UNDERSTANDING THE COSMOS 


GALAXIES 


THE RELATIVELY SHORT DISTANCES BETWEEN SOME GALAXIES COMPARED 
TO THEIR SIZE MAKES COLLISIONS FAIRLY COMMON. THESE SPECTACULAR 
EVENTS TRIGGER HUGE WAVES OF STAR FORMATION AND PLAY A KEY 
ROLE IN THE STORY OF GALAXY EVOLUTION. 


When galaxies collide, the stars within them 
are so widely spaced that they rarely hit one 
another. However, huge clouds of star-forming 
gas smash together in head-on collisions 

that compress and trigger vast new waves 

of star formation. The powerful gravity of 

the coalescing gas pulls the stars back toward 
the center, causing the colliding galaxies to 
merge over hundreds of millions of years. 


Galaxy evolution 

There is evidence that galaxies change from 
one type to another over time—irregular 
galaxies were far more common in the early 
Universe, spirals dominate today, and elliptical 
galaxies are most common in the heart of 


Collisions between 
spirals create 
elliptical galaxies 


Ellipticals draw in gas 
from surroundings 
to regenerate 


Further collisions drive 
away more gas and 
form larger ellipticals 


KEY 


<> Spiral galaxy 


Final result of 
mergers is a giant 
elliptical galaxy 


Lenticular 
galaxy 


©O Eliptical galaxy 


galaxy clusters (see pp.66-67). As a result, 
astronomers think that collisions play a key 
role in galaxy evolution: gas-rich spirals initially 
formed from smaller irregular galaxies, while 
ellipticals are created by collisions between 
spirals, which send their stars into chaotic 
orbits, trigger vast waves of new star formation, 
and ultimately drive gas away into intergalactic 
space, where it can no longer form new stars. 
Depending on the energy of the collision 
and the nearby environment, the merged 
galaxy’s gravity may be able to pull back 
sufficient material from its surroundings to 
generate a new disk, and eventually to restart 
star formation, creating a new spiral that will 
eventually become part of another merger. 


surrounding gas 


7 & & © 


Irregular galaxies 

and small ellipticals 
develop spiral arms 
as they grow larger 


<| The merger model 

Today's model of galaxy evolution 
suggests that galaxies pull in cool 

gas from their surroundings, but 

lose hot gas as they merge together. 
Merged spirals form ellipticals, which 
gradually accumulate new gas and 
pass through a lenticular phase 
before regenerating new spiral arms. 


A Close encounter 

Near misses between galaxies are even more common than 
direct collisions. During these events, tidal forces are created 
that strengthen features such as spiral arms. 


A Unwinding arms 

As galaxies come together, the orbits of stars within them 
are disrupted. Spiral arms unwind and their individual 
stars are scattered into intergalactic space. 


A Starburst 

Most stars end up in chaotic orbits while gas is rammed 
together in huge star-forming clouds. Anchored by 
supermassive black holes, the galactic cores merge together. 


A Elliptical ending 

The heating effects of the collision drive gas away from the 
galaxy, choking off the burst of star formation and leaving an 
elliptical system dominated by fainter, longer-lived stars. 


Colliding galaxies 

This pair of interacting galaxies, collectively 
named Arp 273, is around 300 million 
light-years from Earth in Andromeda. 

Arp 273 reveals the early stages of a galactic 
merger. One of the larger galaxy’s spiral 
arms is already unwinding into space, while 
the smaller galaxy is undergoing an intense 
burst of star formation, creating “super 

Star clusters” that will evolve over time 

into globular clusters. 
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CLUSTERS 
SUPERCLUSTERS 


MOST GALAXIES ARE FOUND IN CLUSTERS OF ANYTHING FROM A FEW 
DOZEN TO A THOUSAND OR MORE GALAXIES GROUPED TOGETHER BY 
GRAVITY. CLUSTERS BLEND AT THE EDGES TO FORM SUPERCLUSTERS, 
CREATING WEBLIKE FILAMENTS AROUND APPARENTLY EMPTY SPACE. 


Galaxy clusters are the largest structures in the Universe that are created by the force 
of gravity, pulling galaxies together over millions of light-years of space to form huge 
concentrations of mass and matter. Because of this, they tend to fill a fairly similar 
volume of space (10-20 million light-years across) regardless of how many galaxies 
they contain. Superclusters and even bigger structures reflect the large-scale 
distribution of matter caused by the Big Bang itself (see pp.70-71). 


Types of clusters 

The Milky Way Galaxy belongs to a low-density cluster called the Local Group—it 

is one of three large spirals surrounded by 50 or so smaller galaxies, most of which 
are tiny and faint dwarf systems. Most small clusters seem to follow this pattern and 
are dominated by spirals and irregular galaxies. However, clusters containing large 
numbers of galaxies are very different, tending to be dominated by elliptical galaxies 
full of red and yellow stars. This is an important clue that ellipticals are created by 
the collision and merger of other types of galaxies within dense clusters. 


<1 Coma cluster 

Roughly 320 million 
light-years from Earth, the 
Coma Cluster is a group of 
about 1,000 galaxies, most 
of which are elliptical or 
lenticular. This infrared image 
reveals large numbers of 
dwarf galaxies, too faint to 
detect in visible light. 


. 
| ( 
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Apparent direction | VY 
and distorted - 
shape of galaxy as \" ° 


seen from Earth 


Light spreads out from 
galaxy in all directions 


<1] Lensing effect 

The distorted images caused by lensing allow 
astronomers to use gravity as a natural telescope 
for spotting faint and distant objects. They can 
also be used to work out how mass is distributed 
within the lensing cluster. 


Local Group 
- (Milky Way) 


ts ’ “Fornax Clustet 


oe" “i” 


. Eridanus 
* Cluster 


Actual location of 
distant galaxy 


Light passing near 
galaxy cluster is bent 
back toward Earth 


Path of light 
without lensing 
effect 


Light reaches 
Earth from 
different directions 


A Gravitational lensing 

The huge concentration of mass in galaxy clusters gives rise 
to an effect known as gravitational lensing. Large masses alter 
the shape of space near to them (see p.73). Light passing 
through a massive galaxy cluster changes direction, so galaxies 
beyond the cluster look distorted and sometimes magnified. 


_ Canes Group 
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Cluster gas 

Images of dense galaxy clusters taken by orbiting X-ray telescopes 
reveal that much of the apparently empty space between galaxies 
in most clusters is filled with superheated gas at temperatures of 

10 million degrees or more. This hot gas is thought to originate in 
the cluster’s individual galaxies, and to escape when it is heated up 
during collisions between cluster members. Hotter gas particles move 
faster and find it easier to escape from the gravity of their original 
galaxies, though not from the cluster as a whole. X-ray gas tends to 
accumulate at the center of a cluster over time, and is richest in the 
densest galaxy clusters, where it may weigh twenty times more than 
all the visible galaxies put together. 


> Evolving cluster 

This image of galaxy cluster IDCS 1426 combines 
visible, infrared, and X-ray views (in green, red, and 
blue respectively). It shows how the X-ray gas has 
largely disconnected from the visible galaxies, except 


where it concentrates around a recent galaxy collision. 


Virgo Ill Groups 


Void of apparently 
empty space 


Leo Il Groups 


A Virgo Supercluster 
Clusters form groups up to 
around 100 million light-years across 

called superclusters, typically centered on 
one or more particularly rich clusters. Our 
Local Group is an outlying part of the Virgo 
Supercluster, centered on the Virgo Cluster 
about 55 million light-years away. 


GALAXY 


1| Virgo cluster 
The closest major galaxy cluster to Earth, the 


Virgo Cluster contains perhaps 2,000 galaxies 
scattered over the constellations Virgo and 
Coma Berenices. Its larger galaxies are a mix 
of spirals and ellipticals (with the latter formed 
by collisions between the former). Its largest 
member is the giant elliptical galaxy M87, 
which lies at the center of the cluster, about 
53 million light-years from Earth. 


Abell 383 


The dense cluster Abell 383 lies about 2.5 billion 
light-years away and is a powerful source of 
X-rays, thanks to a vast cloud of superheated 
gas stripped away from its individual galaxies. 
The cluster’s enormous mass allows it to act 

as a gravitational lens, bending the space 
around it and deflecting the path of light 

rays from more distant galaxies to produce 
distorted arcs of light. 


Stephan's Quintet 


This group of five galaxies in Pegasus is 
deceptive. While four of its galaxies form 

a tight physical group some 290 million 
light-years from Earth, the blue spiral at upper 
left is actually a much nearer foreground 
object. The other four members—three 

spirals and an elliptical—will almost certainly 
merge into a single giant elliptical galaxy in 
the next billion years or so. 


|4| MOO J1142+1527 

At a distance of 8.5 billion light-years from Earth, 
this monster cluster is so distant that its light has 
been redshifted (see p.72) almost to invisibility. 
As a result it was only discovered in 2015 when 
observations from two separate infrared space 
telescopes were combined. With a similar mass 
to El Gordo (see right), it may be one of just a 
handful of giant clusters that formed in the first 
few billion years of cosmic history. 


5 | El Gordo 


With a name that means “the fat one” in 
Spanish, this giant galaxy cluster is one of the 
largest known, with the mass of a million billion 
Suns. In fact, El Gordo consists of two separate 
clusters that are passing through each other 

at several million miles per hour. This composite 
image shows galaxies in white, hot gas that is 
emitting X-rays in pink, and the distribution of 
dark matter is mapped in blue. 
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i HE EXPANDING 
UNIVERSE 


AS A GENERAL RULE, THE FARTHER A GALAXY IS FROM EARTH, THE 
FASTER IT IS MOVING AWAY FROM US. THIS IS VITAL EVIDENCE THAT 


THE UNIVERSE AS A WHOLE IS STILL EXPANDING. AND WHAT'S 
MORE, THAT EXPANSION IS ACCELERATING. 


The key evidence for the expansion of the cosmos comes from the Doppler 
effect (a way of measuring the speed at which any light-emitting object is 
moving toward or away from Earth). This reveals that more distant galaxies 
are moving away from Earth more rapidly—a discovery best explained by 
the idea that space as a whole is expanding and carrying galaxies away 

from one another—rather like currants in a cake moving apart as the batter 
rises in the oven. 


The Doppler effect and redshift 

The Doppler effect is a shift in the wavelength and frequency of waves, such 
as sound or light, moving past an observer. In everyday life, we experience 
Doppler shift when an emergency vehicle's siren speeds past: waves move 
past us more rapidly and the pitch is higher as it moves toward us, but they 
reach us more slowly as it retreats, so the pitch drops. 


Wavefronts Wavefronts 
stretched close together 
s 
Direction of galaxy’s 
movement 
A Redshift and blueshift 


Light from galaxies moving away from us has its wavelength 
stretched and therefore appears redder. When nearby galaxies 
move toward us, their wavelengths are compressed and they 
appear bluer. These shifts can be precisely measured from the 
way they affect spectral lines in a galaxy’s light. 


>> Cosmic expansion 
The expansion of the Universe is not simply a 
case of galaxies moving apart in space—most 
of it is caused by space itself expanding. 
This is a result of the Big Bang explosion 
that created not only matter but space 

and time themselves. 


Universe continues 
to expand 


The Universe is 
expanding at about 
12 miles (20km ) 
per second every 
million light-years 


Space between galaxy 
clusters increases 


Galaxies in clusters are 
bound by gravity and 
do not move apart 


Space between galaxy 
clusters becomes 
devoid of gas and dust 
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oe ; | that light has stretched in its passage 
that it crosses about 5.9 trillion miles Lookback distance across expanding space. 


(9.5 trillion kilometers) in a year. Coupled Galaxies moving apart due 


with cosmic expansion, this transforms eetranstel de re rages <I Receding galaxy _ 
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longer light has taken to reach us, separation of galaxies is called their 
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ts light can reach us <I Shifted to invisibility 


galaxies appear the most 4AN The most distant objects of all—the 
ancient and primitive. <= = ie oY first stars and galaxies formed in 
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the early days of the Universe—have 
undergone extreme redshift, which 
renders them invisible to even the 
Beyond our observable Universe most advanced telescopes. 

Mapping from redshift 

Because more distant galaxies show larger redshifts (an effect called Hubble’s Law), 

redshift itself can be used as a way of estimating distance for large numbers of 

galaxies that are too distant to measure in other ways. Mapping the redshifts 

of galaxies in different parts of the sky shows how galaxy superclusters form 

a web of elongated chains and sheets, known as filaments, around vast 
and apparently empty regions, called voids. 
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A Redshift Survey 
This map from the 2dF Galaxy Redshift Survey plots 
the redshifts of more than 200,000 galaxies across two 
broad swathes of sky, revealing structures that are 
hundreds of millions of light-years across. These 
structures are far too large to have formed 
by gravitational effects since the Big 
Bang. Instead they are thought to 
have been ingrained in the 
initial distribution of 
matter from which 
everything formed. 
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SIZE AND 
STRUCTURE OF 
THE UNIVERSE 


THE EXTENT OF THE UNIVERSE WE CAN SEE AROUND 
US IS LIMITED BY THE SPEED OF LIGHT AND THE RATE 
OF COSMIC EXPANSION, BUT THE UNIVERSE AS A 
WHOLE GOES FAR BEYOND THESE LIMITS. 


The Big Bang explosion that created the Universe some 13.8 billion 
years ago produced not just matter, but also space and time. As 

a result, there Is a limit to how far we can theoretically see across 
Space because we can only see regions whose light has had time 
to reach us. This places us at the center of a spherical bubble called 
our observable Universe, but space itself extends far beyond this 
boundary. In fact, every location in the cosmos is at the center of 
an observable Universe of its own. 


Cosmic microwave background radiation 
Immediately after the Big Bang, the Universe was an opaque, 
expanding fireball from which no light could escape. As a result, 
the most distant region of the cosmos that we can actually see 
corresponds to the period about 380,000 years later, when the 
“fog” of the early Universe cleared. Light from the edge of the 
fireball can still be seen if we look far enough in any direction, 
but during its 13.8-billion-year journey to reach us it has become 
redshifted (see p.70) so that the fireball’s light now makes the 
whole sky glow at microwave wavelengths. 


Cosmic microwave 
background radiation 


European Space Agency’s 
Planck satellite 


First stars 
Start to form 


Big Bang 


13.8 billion years 
after Big Bang 


A Looking back in time 

Looking farther away in space is one way of studying features of the 
young Universe that do not survive today. At great distances, we can 
see young galaxies busy forming, and soon we may even see radiation 
from the very first stars. The cosmic microwave background marks the 
earliest and most distant light radiation we can detect. 


Observable Universe 

Our observations of the Universe are limited to those objects whose 
light has had time to reach us over the past 13.8 billion years. However, 
thanks to cosmic expansion (see pp./0-71), the farthest regions of 

the Universe are moving away from us at the speed of light itself. As 

a result, light from regions beyond the observable Universe will never 
be able to reach Earth, no matter how much time passes. 
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A Radiation map 

The European Space Agency's Planck satellite mapped variations 
in the microwave background radiation corresponding to 
infinitesimal temperature differences. These reveal tiny variations 
in the temperature and density of the earlier Universe, showing 
where structures were starting to form even at this early time. 
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During the time their light 
has been traveling toward 

us, the expansion of space 
has carried distant objects 
even farther away. As a result, 
the most distant objects we 
can see at present in any 
direction are now about 

46.5 billion light-years away. 


13.8 billion 
years 


More than one universe 
Our familiar cosmos certainly stretches beyond the limits of what we 
can see, but is this Universe the only one? Or, are we part of a wider 
multiverse? One theory, known as eternal inflation, suggests that our 
Universe is just one of many. Bursts of inflation energy, such as the 
one at the beginning of our Universe, are continuously producing 
new “bubble Universes.” 

> Eternal inflation? 

If our Universe is one of many created from 

the same raw material, then it's possible 


that the walls of separate bubble Universes 
would occasionally collide and interact. 


Spacetime 

Albert Einstein's theories of special and general relativity explain the 
fabric of the Universe as a four-dimensional “manifold,” in which three 
familiar dimensions of space (length, breadth, and height) can be 
traded off with one another and with the fourth dimension of time 
itself. This is only apparent in extreme situations, such as when objects 
move at close to the speed of light, but also when large amounts of 
mass are present. According to Einstein, the force of gravity around 
massive objects is a result of the way they distort spacetime. 


High-mass object 


oe a ie | 


Distortion of spacetime 
caused by mass of object 
A Warped space 


The idea of spacetime is hard to visualize in four dimensions, but it 
gets easier if you visualize space as a flat rubber sheet. Massive objects 
create dents in the sheet (gravitational fields), and these deflect the 
paths of others moving nearby, or even rays of light (see p.64). 


ere pret | tle Open Universe 


A Shape of the Universe 

The distortion of spacetime means that the amount of 

matter in the Universe affects the shape of the cosmos itself. 
If there's enough mass then the Universe curves inward and is 
“closed.” If there's too little mass, then spacetime curves out 
and the Universe is open. The discovery of dark energy (see 


Closed Univese p.74) suggests the latter is the case. 


Mapping dark matter 

Dark matter cannot be imaged directly, 
therefore much of our understanding of 

it comes from the effects of so-called 
gravitational lensing. This is the way in which 
concentrations of mass distort the fabric of 
spacetime and deflect the light rays from 
nale)(-melist-la)me)e){ ecm al-meliig) 00 lee ]amemel-la.4 
matter around a galaxy cluster in Pisces called 
Cl 0024+17 is shown here in lighter blue. 
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THE LUMINOUS MATERIAL OF THE UNIVERSE IS A TINY PART 
OF ITS OVERALL COMPOSITION—IT ALSO CONTAINS LARGE 
AMOUNTS OF INVISIBLE MASS KNOWN AS DARK MATTER, AND 
ANOTHER MYSTERIOUS SUBSTANCE CALLED DARK ENERGY. 


Since the 1930s astronomers have suspected the existence of dark 
matter. Such material is not just dark, but completely immune to 
interactions with light, and only makes its influence felt through the 
force of its gravity. More recently, cosmologists have found that 
cosmic expansion (see pp./0-71) is accelerated by an effect called 
dark energy, which seems to counteract gravity. 


The nature of dark matter 

The first evidence for dark matter came from two sources: the way that 
galaxies orbit inside galaxy clusters and the speed at which stars orbit 
in the Milky Way. Both suggest the Universe contains about five times 
more dark than luminous matter. Some of this may be accounted for 
by compact, faint objects such as dead stars and stray planets, but 
most of it probably consists of unknown subatomic particles—tiny 
objects that interact with normal matter only through gravity. 


A Bullet cluster 


What is dark energy? 

In the 1990s, cosmologists discovered that cosmic expansion, which 
began in the Big Bang (see pp.14-15) has sped up over time, rather 
than slowing down as we might expect due to the gravity of all the dark 
and luminous matter within the Universe. The substance that drives this 
expansion is known as dark energy, but it's still poorly understood—it 
may be a “cosmological constant” (a uniform property of spacetime 
itself), or a “quintessence” (a localized force that can vary from place 

to place). Which theory is correct could have an important effect on 
the fate of the Universe. 
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A Fates of the Universe 

The precise balance between combined dark and luminous matter (whose gravity 
slows down the expansion of the Universe) and dark energy (which tends to speed 
up the expansion) will ultimately determine the way our Universe comes to an end. 


This collision between two distant galaxy clusters 
reveals the motion of dark matter. Most of the 
cluster’s luminous matter takes the form of 
clouds of gas that emit X-rays (pink), but the 
distribution of dark matter (blue) broadly 
matches that of the visible galaxies (white). 


26.8% dark matter 


4.9% ordinary matter 


> Composition of the Universe 

Using Einstein's famous equation E=mc?, 
cosmologists can estimate the overall balance 
between dark energy and the energy locked 
up in dark and luminous matter. 
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OBSERVING THE SKIES on 


LIGHT IS OUR MAIN SOURCE OF INFORMATION ABOUT DISTANT 
OBJECTS IN THE UNIVERSE, AND GROUND-BASED TELESCOPES REMAIN 
IMPORTANT TOOLS FOR CAPTURING LIGHT AND STUDYING FAR-AWAY 


STARS AND GALAXIES. 


Very few objects from space ever reach Earth, 
and most of those only come from our 
immediate planetary neighborhood. Studying 
light that reaches our planet from distant space 
is therefore one of the best ways of learning 
about objects in the wider Universe. Many 
other forms of radiation are absorbed by Earth's 
atmosphere and astronomers use space-based 
observatories (see pp.80-81) to study objects 
in these other wavelengths. 

By gathering light across a large surface and 
concentrating it into a much smaller image, 
telescopes allow us to see objects that are 
much fainter than those we can see with the 


> Refractor and reflector 
telescopes 

The first telescopes, invented 
by Dutch eyeglass-makers in 


Parallel light rays 
from distant object 


Refractor telescope 


the Netherlands around 1609, 
used a lens-based refractor 
design. One lens (the objective) 
collects light and bends it to a 
focus, while another (the 
eyepiece) magnifies image. 
The simplest reflector designs, 
invented by Isaac Newton 
around 1668, use a curved 
mirror to collect light and 
direct it to a secondary mirror, 
which then directs it to a 
lens-based eyepiece. 


Objective lens 
bends rays onto 
converging path 


Diverging rays 
magnified by 
eyepiece to 
form image 


-— 


| Primary mirror 
reflects rays onto 
H converging path 


102cm, Wisconsin, 1893 
Largest successful refractor 
telescope 


Multi Mirror Telescope Hubble Space Telescope 
4.5-meter equivalent, Arizona, 1979 2.4 meters, Low-Earth Orbit, 1990 
Pioneering multi-mirror telescope, First large telescope in space 

converted to single mirror in 2000 


908cm, California, 1948 
Landmark single-mirror 
reflector telescope 
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unaided eye. Magnifying these small images 
then enables us to distinguish much finer 
detail. However, modern scientific telescopes 
are very different machines from those used by 
backyard stargazers. Most are reflector designs 
that use a series of mirrors to bring light onto 
converging paths and create a focused image 
on a detector instrument. The telescope is 
supported by a mount or cradle that swings 
back and forth and allows it to keep pace with 
the path of objects across the sky. A technique 
called interferometry allows astronomers to 
links two or more telescopes together and 
detect even finer details. 


as 


James Webb Space Telescope 
6.5 meters, Low Earth Orbit, 2018 
Planned successor to Hubble 


Keck Telescope 
2X10 meters, Hawaii, 1993/1996 
First large telescope with 


interfermometer 
Very Large Telescope 


Ax8.2 meters, Chile, 1998-2000 
Largest overall collecting area 


Gran Telescopio Canarias 
10.4 meters, La Palma, 2008 
Largest single-aperture telescope 


Reflector telescope 


Eyepiece lens 
bends rays to 
form image 


_ 


secondary mirror 
diverts rays to side 


Giant Magellan Telescope 
24.5-meter equivalent 
To be built in Chile, 2025 


European Extremely 
Large Telecope 
39.3 meters 
Under construction in Chile, 2024 


of telescope 


A Collecting areas 
Telescope collecting areas 
were limited by technology for 


much of the 20th century, but = q 10 20 meters 
instruments have grown rapidly $—_———~——- + 
in the past few decades. 0 25 50 feet 


<{ Learning from light 
Professional astronomers 
rarely use an eyepiece to 
look directly through a 
telescope. Instead, they use 
the instrument to channel 
light to various detectors. 
These can include digital 
cameras, photometers 
(which precisely measure 
the brightness of light from 
individual objects), and 
spectrometers that analyse 
colors of light, enabling 
scientists to learn about the 
chemistry of stars. 


A typical 8-in (20-cm) 
reflecting telescope 
gathers 830 times 
more light than the 
human eye alone 


Research telescope 

Most modern research telescopes, such as the 
European Extremely Large Telescope illustrated 
here, are located at mountaintop sites that put 
them above the bulk of Earth's turbulent, light- 
absorbing atmosphere. Using segmented 
mirrors increases a telescope's collecting area 
and the faintness of objects it can image. 


<1 Radio telescopes 

Radio signals from space were 
discovered in the 1930s and 
are measured today using 
enormous bowl-shaped 
antennae. The much longer 
wavelengths of radio waves 
mean they need a much 
bigger collecting surface to 
resolve fine details, but radio 
antennae can be linked 
together in arrays, like this 
one in New Mexico. 
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» Galileo 
Galilei 


THE HISTORY OF 
THE TELESCOPE 


TELESCOPES ARE THE VITAL TOOLS OF AN ASTRONOMER'S 
TRADE, IMPROVING ON HUMAN EYESIGHT AND ALLOWING 
IMAGES AND DATA TO BE PROCESSED IN DIFFERENT WAYS, 
AND RECORDED FOR POSTERITY. 


Aerial 


by Johannes 
Hevelius 


1609 


Galileo's telescope 

Galileo's first lens-based telescope produced 
an image multiplied by a factor of three, but 
later designs improved rapidly. He used his 
instruments to make discoveries including 
mountains on the Moon, spots on the Sun, 
and countless stars invisible to the naked eye. 


Dutch lensmaker Hans Lippershey is usually credited with inventing 
the telescope around 1608, but it was Italian physicist Galileo 
Galilei who first turned it toward the sky. Since then, telescope 
technology has gone through huge 
advances—the introduction of the 
mirrored reflector design, mounts 
that can keep a telescope in sync 
with the movement of the stars, 
spectroscopy to analyze the 
chemical fingerprints of 

starlight, and photography 

to keep a permanent record 

of observations. More recently, 
computer control and space-based 
observatories have helped push 
the limits of telescope technology. 


High-altitude twin 
Keck telescopes on 
Mauna Kea, Hawaii 


Very Large Array, 
New Mexico 


1970 


1980 


Telescope arrays 

A technique called interferometry allows for the 
combination of signals from several telescopes 
to mimic the resolving power of a single, 
impossibly large instrument. The technique was 
pioneered for use with the long-wavelength 
radio waves at the Very Large Array. 


Orbiting observatories 

The launch of the first X-ray astronomy 
satellite, Uhuru, heralded a new age of 
space-based astronomy, studying the Universe 
at wavelengths that are blocked by Earth's 
atmosphere. These included not only X-rays 
but also ultraviolet and infrared radiation. 


Hubble Space \ 
Telescope 


1990 


Hubble Space Telescope 


1980s 


Segmented-mirror telescopes 


telescope built 


1673 


Aerial telescopes 

One way of improving the magnification 
of telescopes was to use larger lenses 
separated by a greater distance. In the 
mid-17th century this led to enormous 
aerial telescopes with lenses suspended on 
open frames up to 150 ft (31 m) long. 


1949 


Mountaintop telescopes 

Astronomers had long recognized that 
observing from high altitudes helped 

reduce the atmospheric turbulence affecting 
starlight, but it was only in the second half 
of the 20th century that observatories on 
remote mountaintops became practical. 


The weight of traditional mirrors brought the growth 
of telescopes to a halt in the mid-20th century, but 
from the 1980s onward, engineering breakthroughs 
allowed telescopes to reach even bigger sizes. Key to 
this was the ability to align honeycomb-like mirror 
segments to mimic a single reflecting surface. 


The idea of placing a large optical telescope above Earth’s atmosphere, where 
it would experience perfect observing conditions, was suggested as early as 
1946. The ability to repair and upgrade the Hubble Space Telescope in orbit 
has kept it functional for more than a quarter century. While modest in size 
compared to today's ground-based giants, Hubble's location allows it 

to deliver both stunning images and revolutionary scientific discoveries. 
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Replica of 
Newton’s 

reflector 
telescope 


1668 


Newtonian reflector 

British physicst and mathematician Isaac 
Newton designed the first telescope that 
used a curved mirror rather than a lens 
to collect light. This permitted a much 
more compact telescope design called 
the Newtonian reflector. 


1949 


Space-based astronomy 

In the late 1940s, US astronomers used 
captured German V-2 war rockets to carry 
radiation detectors on short trips above 
Earth's atmosphere. These confirmed that 
radiation from space, such as X-rays, is 
blocked by the atmosphere. 


Artist's impression 
of the European 
Extremely Large 

Telescope 


1998 


The Very Large Telescope 

The European Southern Observatory’s VLT 
in Chile is made up of four separate 27 ft 
(8.2m) reflecting telescopes. It marked a 
breakthrough in the manufacture of large 
single-element mirrors and can also 
combine light from multiple telescopes. 


William Parsons’ 
telescope 


1781 


William Herschel 

From the late 18th century, British 
astronomer William Herschel developed 
new metals for his reflecting telescope 
mirrors. These allowed him to produce the 
finest telescopes so far, and to make new 
discoveries, including the planet Uranus. 


V-2 rocket 
launch 


1933 


Radio astronomy 

American physicist Karl Jansky’s discovery of 
radio signals from the sky, associated with 
the rising and setting of the Milky Way, 
marked the beginning of radio astronomy. 
The long wavelength of radio waves means 
that very large collecting areas are needed. 


2014 


Future giants 

Currently under construction in Chile's 
Atacama Desert, the European Extremely 
Large Telescope will have a primary mirror 
diameter of more than 129 ft (39.3 m)— 
constructed out of 798 separate cells. It 
will only become operational in 2024. 


The Leviathan of Parsonstown 


Irish astronomer William Parsons built this enormous 
reflecting telescope with a 6 ft (1.8m) mirror on his 
estate at Birr Castle in Ireland, but it could only point 
in a limited range of directions because of the walls 
needed to support it. It remained the world's largest 


telescope for more than 70 years. 


1917 


Hooker Telescope 

The 8 ft (2.5m) Hooker reflector at Mount 
Wilson Observatory was the first telescope 
to combine giant size with maneuverability. 


It remained the world's largest telescope until 


1949, and was key to the discovery of the 
expansion of the Universe. 


2018 


James Webb Space Telescope 
NASA‘s successor to Hubble, the infrared 


James Webb Space Telescope, should allow 


us to see farther into the depths of the 


Universe than ever before. Its huge sunshield 


can protect it from not only solar heat but 
also radiation from the Earth. 


The Hooker 
Telescope 


Artist's impression of the 
James Webb Space Telescope 
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Solar observatories 
orbit at L1 


Telescope faces Galex 


permanently away Ultraviolet satellite for 
Orbit of Moon from Sun surveying galaxies 


around Earth 


L3 ¢ 


A Orbiting observatories 
Many space telescopes are able to carry out their 
observations from an orbit around Earth itself. 
Others orbit at Lagrangian points 1 and 2, which 
allow spacecraft to hold the same position relative 
| to Earth and Sun. The infrared James Webb Space 
Ls Telescope, for instance, will orbit the Sun at L2, 
932,000 miles (1.5 million km) beyond the Earth. 


SPACE TELESCOPES 


TELESCOPES ORBITING ABOVE EARTH OPEN UP NEW VISTAS ON THE UNIVERSE. 
THEY NOT ONLY REVEAL OBJECTS WHOSE INVISIBLE RADIATIONS ARE BLOCKED 
BY OUR PLANET'S ATMOSPHERE BUT ALSO ALLOW ASTRONOMERS TO CARRY 


a 
a 
i | 0.01 to 10 nanometers (nm). ey 
They are emitted from & 

a 


superhot objects such as 


OUT MORE PRECISE STUDIES IN VISIBLE LIGHT. ee —— 
gas in galaxy clusters. ——<———— 


The visible light with which we view the Universe is simply a type of electromagnetic 
wave. These are packets of energy that move through space in the form of 
self-reinforcing electric and magnetic fields. The properties of light we perceive as 
colors depend on the wavelength of these waves, but the broader electromagnetic 
spectrum goes far beyond them to encompass much longer and shorter waves. i 
Robotic space telescopes allow astronomers to study these elusive wavelengths, fine 
but they are often very different from Earth-bound instruments. For example, X-ray satellite 
infrared telescopes need extreme cooling so that their own heat does not swamp 

the weak signals, while X-rays and gamma rays will pass straight through most 

traditional mirrored telescope designs. 


Central bulge of 
Milky Way 


Disk of the 
Milky Way 


Fermi 
Telescope to study 
mysterious gamma-ray bursts 


<1 Whole-sky surveys 

While Earth-based telescopes are limited to 
viewing the parts of the sky that are visible from 
their particular latitude, space telescopes have no 
such restrictions. The Earth may block a large part 
of their view at any moment, but with enough 
time they can survey the entire sky and build up 
maps such as this one at infrared wavelengths 
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Kepler 
Mission to detect planets 
transiting in front of distant stars 


Gaia KEY 
Precision telescope for measuring 
stellar parallax and distance Earth’s atmosphere 


Troposhere 
Stratosphere 
Mesosphere 


Thermosphere 


Hubble 
Multipurpose visible-light 
and near-infrared telescope 


| 


James Webb 

Giant infrared space 
telescope, NASA’s 
successor to the Hubble 
Space Telescope 


With wavelengths between 
700nm and 1mm, infrared 
waves are emitted by objects 

too cool to shine in visible light 
and are absorbed by water 
vapor in Earth's atmosphere. 


INFRARED 


Herschel 

Far-infrared telescope for 
studying the coldest 
objects in the Universe 


WY \\ 
| | 


A Across the electromagnetic spectrum 
The visible light spectrum covers only a narrow 
range of wavelengths, between about 390 
and 700 nanometers (billionths of a meter). 
Wavelengths shorter than the blue end of 
the spectrum include ultraviolet, X-rays, and 
gamma rays, while those longer than red 
\ include infrared and radio waves (including 

y/ \\\ ' Spektr-R microwaves). Only visible light and some radio 
vil | *" \\ Orbiting radio telescope that waves reach Earth's surface; most other waves are 


\ works with instruments on Earth = blocked at various levels in the atmosphere. 
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PEOPLE HAVE ALWAYS BEEN FASCINATED BY THE POSSIBILITY 
OF LIFE BEYOND EARTH, BUT THE ODDS OF ITS EXISTENCE, 


AND THE PROSPECTS FOR ITS DETECTION, HAVE BEEN 
GIVEN SEVERAL HUGE BOOSTS IN RECENT YEARS. 


The search for life in the Universe has been transformed by the 
discovery of volcanically active ocean moons in our own Solar 
System, and countless exoplanets orbiting other stars, offering 
potential homes for different forms of life. 


Requirements for life 

Traditional theories assumed that life got started in the so-called 
“primordial soup’ of a shallow, warm, chemical-rich seas on the 
surface of the early Earth. This appears to be the ideal condition 
to provide the three necessities of life: carbon-based chemicals, 
water, and an energy source in the form of sunlight. Today, the 
carbon and water requirements still seem reasonable, since they 
allow the development of complex chemistry. But the discovery 
of “extremophiles’—organisms that feed on chemical energy 

in the pitch darkness of deep-sea volcanic vents, or even deep 
inside hot subterranean rocks—have changed ideas about what 
life is, and the conditions it needs to survive. 


V Hardy organisms 


Tardigrades are tiny animals, also known | - ~= 


as “water bears,” whose durability shows 
how life could persist in conditions 
very different from those on 

Earth's surface. They can survive 
extremes in temperature and 
pressure, exposure to the 

vacuum of space, and 
bombardment with 

radiation. 


Mass of star (in solar masses) 


Sun 


Gliese 581 
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Distance from star (not to scale) 


<1 Transporting life 

Some astronomers have 
speculated that life on Earth 
might not have needed to have 
evolved from scratch. Instead, 
either life itself, or at least 
complex chemicals that would 
help it get started, might be 
transferred between planets 
inside meteorites or comets. 


<1 Goldilocks zone 

The most hospitable worlds 
around any star are likely to 
be Earth-like planets orbiting 
within a habitable “Goldilocks 
zone’ around their stars, 
where temperatures are just 
right for liquid water to survive 
on the surface. A few such 
worlds have been identified, 
and they are probably 
abundant in the Milky Way. 
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Signature of life 

Any form of life must sustain itself through a series of chemical 
reactions known as the organism's metabolism and, over time, this 
inevitably transforms the environment of the planet around it. For 
example, oxygen Is a naturally reactive chemical that tends to get 
locked away as mineral compounds within rocks, so Earth would 
have no oxygen in its atmosphere if not for the evolution of life 
and the metabolic reactions of photosynthetic plants and algae 
over billions of years. Atmospheric oxygen is therefore a potential 
chemical biosignature for life on other worlds. Astronomers have 
already measured the atmospheres of a few exoplanets, but 
future telescopes should make this far more common. 


A Seas of Enceladus 

In 2005, NASAs Cassini space probe discovered huge plumes of water ice 
erupting from Saturns small moon Enceladus, indicating a hidden ocean 
kept liquid by heating from powerful tidal forces. These make Enceladus one 
of the Solar System's most likely habitats for life. 


Red indicates highest No methane 
concentrations of detected 
methane 


<] Methane on Mars 
Methane is a gas that can 


ch dad stones Estimates of the number of 
‘odyoopeuce Communicating civilizations in 
sunlight, so the recent 


discovery of methane patches Our Salaxy range from many 


in the atmosphere of Mars 


Methane 
concentrated 


over areas with raises intriguing questions . e e 
subsurface ice about the Red Planet. millions, to J ust one 
Intelligent life > Messages in space 
; Two space probes launched in 
The Search for Extraterrestrial Intelligence (SETI) uses a variety of the 1970s, Pioneer 10 (1972) 
methods in the hope of tracking down evidence of intelligent aliens and Pioneer 11 (1973), carried 
; plaques with a pictogram 
in the Universe. The most common is to scour the sky in search of message. This message was 
artificial radio signals, but such signals are only likely to be found if meant for any intelligent life 


; ; , that might intercept or 
aliens are deliberately beaming them toward us. Alternative approaches ——jecover one of the re 


include looking for technosignatures (signs of technology), such as at some point in the future. 
pollution in planetary atmospheres or even changes in the light 
output of stars created by alien engineering. 


> Drake's equation Number of Rate of star Fraction of | Average number Fraction of Fraction of Fraction of The average 
In 1961, SETI pioneer Frank Drake communicating formation in those stars | _ of life-supporting those worlds worlds with life | intelligent life lifetime of a 
devised the Drake Equation, a civilizations in the galaxy with planetary worlds per that give rise that give rise that develops communicating 
way of assessing the number our galaxy systems planetary system to life to intelligence communicating civilization 
of civilizations that might technology 
be communicating by 
radio signals in the Milky 
Way at any one time. —_ f. ~ 
<r xX 
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Drake equation 
1961 estimates 


f ~ > Recent estimates 
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The first constellations were simple patterns of 
Stars, picked out by imaginative humans thousands 
of years ago. A good knowledge of the sky had 
practical uses. Bright stars and constellations were 
navigation aids for travelers at night, their risings 
and settings provided a simple clock, and their 
annual progression around the sky acted as a 
calendar. The sky also became a picture book in 


PATTERNS IN THESKY 


which storytellers could imagine the starry outlines 
of gods, heroes, and mythical beasts. All civilizations 
had their own constellations, based on their own 
culture. hose we use today stem from a group of 
48 known to the ancient Greeks around 2,000 years 
ago. These were supplemented by others invented 
by astronomers in the 16th to 18th centuries, 
particularly in the far southern sky, which the 
Greeks could not see. In the 1920s, the International 
Astronomical Union, astronomy’s governing body, 
officially recognized a total of 88 constellations that 
fill the sky from pole to pole with no gaps between 
them. Although constellations have outgrown their 
original purpose in this age of computer-controlled 
telescopes on Earth and in space, they still serve 
as a useful way of identifying the general area of 

<I Star trails sky in which a celestial object lies. They also provide 


A whirling pattern of lights is seen in the 
sky above the Atacama Large Millimeter/ 


submilimeter Array (ALMAjinchie re a COMMEectlon with the original stargazers who first 


streaks are star trails captured by a long- : 

exposure photograph. Although thestas §=--s LOQKed at the sky and tried to understand the 
appear to circle the southern celestial pole, 

the movement is really that of the Earth 


rotating on its axis. Univers e€ around them. 
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CHARTING 
1 HEAVENS 


PEOPLE HAVE OBSERVED THE HEAVENS FOR THOUSANDS 


OF YEARS, AND MANY CULTURES HAVE LINKED THE 
PATTERNS THEY DISCERNED AMONG THE THOUSANDS 
OF VISIBLE STARS TO THEIR OWN MYTHOLOGY. 


Today, the International Astronomical Union (IAU) recognizes 88 
constellations and together the constellations form a complete 
sphere (see pp.94-95) around the Earth. Our modern system of 
constellations is based on the 48 figures described by the ancient 
Greek astronomer Ptolemy. Other civilizations also visualized 
patterns in the sky and linked those to their myths and legends, 
but only the Greek system is recognized today. It was not until 
the 16th century, when sailors started to navigate and explore 
the Southern Hemisphere, that whole new areas of the celestial 
sphere were mapped and new constellations created. 


Edmond Halley 


— 1679 


Halley’s southern survey 


Babylonian 
clay tablet 


3000-1000 BcE 


Dawn of astronomy 

Sumerian and Babylonian astronomers 
watch the yearly motions of the Sun and 
stars and create the first constellations, such 
as GUD.AN.NA, the modern Taurus. Their 
observations are recorded in cuneiform 
script on clay tablets like this one. 


Hercules by Bayer 


Globe with 
early Greek 
constellations 


~ 400-250 sce iia 


First Greek constellation system 

Eudoxus, a Greek astronomer, introduces 
Babylonian constellations to the West in 
amended form in a book entitled Phaenomena. 
His original text is long lost, but it was turned 
into an instructional poem by another Greek, 
Aratus, and later translated into Latin. 


1603 


First all-sky star atlas 


English astronomer Edmond Halley makes 
the first accurate survey of the southern sky 
from the island of St. Helena. His catalog 
contains 341 stars, and he introduces a new 
constellation, Robur Carolinum (Charles's Oak), 
but it is not accepted by other astronomers. 
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1690 


Hevelius’s new constellations 

Johannes Hevelius, a Polish astronomer, publishes 
a catalog of more than 1,500 stars, larger and more 
accurate than that of Tycho Brahe, along with 

a new star atlas. Hevelius introduces ten new 
constellations, seven of which are still accepted 

by astronomers today. 


( Hevelius’s 
Leo Minor 


Johann Bayer, a German lawyer and amateur 
astronomer, publishes the first celestial atlas 
to cover the whole sky, Uranometria. He 
assigns a full page to each of the 48 Ptolemaic 
constellations, with an additional page for 
the 12 new southern constellations. 


1725 


Flamsteed’s atlas and catalog 

John Flamsteed, England's first Astronomer 
Royal, produces the first major catalog of 
stars observed with the aid of a telescope. 

It is published posthumously along with 
Atlas Coelestis, and they become the 
standard references for the next century. 


Lacaille’s star chart 
of the southern sky ; 
ry) 


1592-1612 


New constellations 

Petrus Plancius, a Dutch cartographer and 
astronomer, introduces 15 new constellations. 
Twelve of them lie in the far southern sky 
that is invisible from Europe and include 
stars plotted by Dutch navigators Pieter 
Dirkszoon Keyser and Frederick de Houtman. 


1751-52 


More southern constellations 

Nicolas Louis de Lacaille, a French astronomer, 
surveys the southern sky from the Cape of 
Good Hope, publishing a catalog of nearly 
2,000 stars along with a star chart. He 
introduces 14 new southern constellations, 

all still recognized by astronomers. 


First great star catalogue 

Hipparchus, a Greek astronomer, 
compiles the first great star catalogue of 
antiquity, grouping 850 stars into over 40 
constellations. Hipparchus also divides 
the stars into six levels of brightness, the 
origin of the system of stellar magnitudes. 


Tycho’s observatory Uraniborg 


=—=% > i nt A 


a> 4 : é a an 
THU = —— Ta 


Tycho Brahe 

Tycho Brahe, a Danish astronomer, 
produces a new and improved catalogue of 
over 1,000 stars, ten times more accurate 
than the one in Ptolemy's Almagest. He still 
uses naked-eye sighting instruments, as the 
telescope has not yet been invented. 
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Greatest star atlas 

The greatest of the old-style pictorial star 
atlases is published in 1801 by Johann 
Elert Bode, director of Berlin Observatory. 
Called Uranographia, it contains 17,000 
stars divided into over 100 constellations, 
five of them invented by Bode himself. 


The Almagest 

Greek astronomer Ptolemy produces a 
summary of Greek astronomy called the 
Almagest, which includes a revised version 
of Hipparchus's star catalogue with 48 
constellations. It is the standard work on 
Western astronomy for nearly 1,500 years. 


The northern sky by Durer 


“ 


Durer’s star chart 

Albrecht Durer draws the first European 
printed star chart, based on the catalogue 
in Ptolemy's Almagest. One half depicts the 
zodiac and northern constellations, the 
other shows the southern sky. Constellations 
are shown reversed, as on a celestial globe. 


The constellation 
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“™ Uranographia 


The final list 

The newly formed International 
Astronomical Union (IAU) fixes the number 
of recognized constellations at 88, covering 
the entire celestial sphere, and draws up 
official boundaries for them. From now on, 
no more constellations can be added. 
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Ancient Chinese 
constellations 


Oldest star chart 

The oldest surviving star chart was drawn in 
7th-century China on a paper scroll. Chinese 
constellations were smaller and more numerous 
than those in the West, with over 250 against 
Ptolemy's 48. Chinese astronomers also 
recorded hundreds more stars than the Greeks. 


Taurus as depicted by al-Sufi 


Arabic star charts 

Al-Sufi, a Persian astronomer also known in 
the West as Azophi, produces an updated 
version of the Greek Almagest, entitled 

The Book of the Fixed Stars. This includes 
illustrations of each constellation, something 
the Almagest lacked, drawn in Arabic style. 


The Gaia 
spacecraft 


The Galaxy in 3D 
The European observatory Gaia 
is launched. It will spend five 
years measuring the distances 
and motions of over a billion 
stars to build up a three- 
dimensional map of our Galaxy. 


Star cataloguing from space 

A European Space Agency satellite 
called Hipparcos, named in memory 
of Hipparchus, compiles a catalog 
from orbit of the positions, motions, 
and brightnesses of over 100,000 
stars with unprecedented accuracy. 
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| Fic CELESTIAL SPHERE srt 


23.4°, between Earth’s 
spin axis and a line at 
right angles to the plane 


ALTHOUGH STARS LIE AT DIFFERENT DISTANCES FROM of its orbit around the Sun 
EARTH, FOR RECORDING THEIR POSITIONS IN THE SKY IT 
IS HELPFUL TO PRETEND THAT THEY ARE ALL STUCK TO 


Earth’s axis of spin 
THE INSIDE OF A VAST SPHERE THAT SURROUNDS EARTH. Parirociee- about ale. or 
axis, that passes through its 
This enormous imaginary globe is known as the celestial north and south poles 
sphere. Every star in the sky other than the Sun, as well as 
other very remote objects such as galaxies, has a position North celestial pole | 
on the surface of this sphere that remains more or less Doe Cee 


ei , a directly above Earth’s north pole 
fixed"—that is, it hardly changes except over extremely 


long periods of time. Other, closer objects, such as the 
Sun and other Solar System bodies, do appear to 
continuously “wander, at varying speeds, against 

the background of stars on the celestial sphere, but 


they do so in a predictable way. First point of Aries 
One of two points 
on the celestial 


The sky asa sphere sphere where the 
; ; celestial equator 
Like the real sphere of the Earth, the celestial sphere has and ecliptic meet 


north and south poles, an equator, and the equivalent of 
latitude and longitude lines. It is like a celestial version 

of the globe. The positions of stars and galaxies can 

be recorded on it as well, just as cities on Earth have their 
positions of latitude and longitude on a globe. The idea 
of the sphere also helps astronomers, or indeed anyone, lo 
better understand how their location on Earth, the time 


of night, and the time of year affect what can be viewed Earth’s equator 
in the night sky. 

Ecliptic 
Celestial sphere 
The huge sphere on the 
surface of which stars are 7 ——— The Sun 


imagined to be “fixed Unlike other stars, our 


local star continuously 


Ecliptic plane a 4 a) \ | See moves on the celestial 
An imaginary plane : ‘i \ : 7 sphere, although always 
on which Earth moves / | | ) confined to the line 


as it orbits the Sun ee) Called the ecliptic 


Orbits of Solar 
System planets 
Most of the other planets 
orbit the Sun very close 
to the ecliptic plane 


The Sun 


The ecliptic Ss = 1 Ne Line at right angles 
The circle where the ecliptic plane 3 ee to the plane of 
meets the celestial sphere = Earth’s orbit round 
the Sun 
A The ecliptic 
One of the major circles on the celestial sphere is called the ecliptic. A Imaginary sphere 
It marks where the ecliptic plane (the plane on which Earth orbits The celestial sphere is a purely imaginary concept, with a specific shape 
the Sun) meets the sphere’s surface. In their motion—as seen from but no particular size. Astronomers use exactly defined points and curves 
Earth—against the backdrop of stars on the sphere, the Sun always on its surface as references for describing or determining the positions of 


remains on, and planets stay close to, the ecliptic. stars and various other types of celestial object. 


Celestial equator 

A great circle on 

the celestial sphere 
that lies directly above 
Earth’s equator 


Surface of 
celestial sphere 


First point of Libra 
One of two points where 

the celestial equator 
and ecliptic meet 


South celestial pole 
A point lying directly 
below Earth’s south pole 
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Direction of movement North celestial pole 
Apparent star movement ——— 


A person standing still and looking up at the 
night sky sees a slow, curving movement of stars 
and other objects across the sky. This apparent 
motion occurs because Earth is spinning within the 
celestial sphere. The pattern of motion seen varies 
according to the observer's location. Movements 
appear similar in both hemispheres, except that 
in the Northern Hemisphere stars appear to 
circle counterclockwise around the north celestial A Apparent motion at the North Pole 

pole, while in the Southern Hemisphere they From the observer's viewpoint, the stars seem to circle 


counterclockwise around a point directly overhead—the north 
circle clockwise around the south celestial pole. celestial pole. Stars near the horizon move around the horizon. 


Direction of movement Direction of movement 


North celestial pole 


, a a al 
se ON | _N 
— a 
A Apparent motion at Northern Hemisphere mid-latitudes A Apparent motion at the equator 
For this observer, most stars rise in the east, cross the southern For an observer standing on or close to the equator, the stars 
sky, and set in the west. But stars in the northern part of the sky appear to rise vertically in the east, swing overhead, and then 
circle counterclockwise around the north celestial pole. drop vertically down again and set in the west. 


Celestial coordinates 

Astronomers can record the position of any object on the celestial sphere 
using a system of coordinates similar to that of latitude and longitude. The 
coordinates used by astronomers are called declination and right ascension. 
Declination is measured in degrees north or south of the celestial equator. 
Right ascension is measured in degrees east of the celestial meridian—a line 
that passes through both celestial poles and a point on the celestial equator 


called the First point of Aries. 


Celestial meridian 
(line of O hour, or 0°, 
right ascension) 


North celestial pole 


45°—angle of 
declination above 


celestial equator Star’s position express as 


Dec +45° 
RA th 


> Pinpointing a star’s position 
The measurement of declination 
on the celestial sphere is very 
similar to measuring latitude 

on Earth's surface, while the 
measurement of right ascension 
is quite similar to the expression 
of longitude. The star shown here 
has a declination (Dec) of +45°, 
and a right ascension (RA) of 

1 hour, or 15°. 


First point of Aries 


(spring equinox point) 1 hour, or 15°—angle of 


Celestial equator right ascension 
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ihe ZODIAC 


ALTHOUGH IT IS NOT OBVIOUS BECAUSE OF THE SUN’S GLARE, AS 


constellations are completely different from the dates 
associated with the astrological signs of the zodiac. ‘ 


EARTH ORBITS THE SUN, THE SUN SEEMS TO MOVE AGAINST THE ee 
BACKDROP OF STARS, ALWAYS STAYING WITHIN A BAND OF of the zodiac 
THE CELESTIAL SPHERE CALLED THE ZODIAC. 
During the course of this annual journey to the astrological signs. This is due to the 
around the celestial sphere, the Sun moves effects of precession and because the 
along a circle called the ecliptic (see p.90). constellations are not all the same size. 
An imaginary band around the celestial sphere Whenever the Sun is moving through a winisecaeieat 
that extends for about 8-9° on either side particular area of the zodiac, the stars in that Northern Hemisphere, 
of the ecliptic is called the zodiac. The ecliptic —_ part of the celestial sphere cannot be seen ee 
passes through 13 constellations that lie, at because of the glare. Rather, the most easily the celestial equator 
least in part, in the zodiac and these are observed parts of the celestial sphere are 
known as zodiacal constellations. The always those on the opposite side to Earth 
astrological zodiac is divided into 12 equal from the Sun. These are the parts visible in 
segments, called “signs,” and excludes the the middle of the night. Over the course of a 
constellation Ophiuchus. year, as Earth orbits the Sun, the portions of 
The Sun spends a period of time in each the celestial sphere—including the different 

zodiacal constellation but the dates it does parts of the zodiac—that can be viewed from 
SO do not correspond with those ascribed Earth at night quite dramatically alter. 

SUN’S PROGRESS 

Constellation Dates in each : Constellation Dates in each 

constellation ; constellation 

Aries April 19 — May 13 : Scorpio November 23 — 29 
peu RERE Sant REREaE Cr EERE oT 
——— ee | - 
ee TC a on eeeera era } ry = 
ys Sipumie ss ay 18H \ 

Virgo September 16 — October 30 Pisces March 12 —April 18 : 2 y 
ee | >» 
A Days of the zodiac 8 | a — 
The dates the Sun passes through the 13 zodiacal NM ‘ai. = 


: ‘cj Sh 
Hemisphere visible from NPA sun 


equator at midnight on uN 

the summer solstice 

Earth at \ 

Northern ~\ Earth at Northern > Band of the zodiac 

Hemisphere’s ,— \ ___Hemisphere’s The zodiac constitutes 

summer solstice — | winter solstice about one-sixth of the surface 

| area of the celestial sphere (its 

> tne an December gt kes i ‘en oc 
At opposite sides of Earth's orbit around the of rotation Sun, the celestial paths of the Moon 
Sun, an observer standing on the equator will j and the planets of the Solar System 
ie ane iota oe eee pene d are also restricted to the zodiac. 
celestial sphere at midnight. Shown here, Hemisphere visible 
for example, are the parts that can be seen earn i“ from equator at 
at midnight during the Northern Hemisphere's orbit ‘ eC 4 midnight on the 
summer solstice in June (yellow) and during / a” winter solstice 


the winter solstice in December (blue). 
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First point of Libra or 

point of the Northern 

Hemisphere’s autumn Rotation of Earth Direction of Sun’s 

equinox around its axis movement The Sun 


summer solstice in 
Northern Hemisphere, 
the point where the 
sun is farthest above 
the celestial equator 


Earth’s equator 


Ecliptic 

The apparent path 

of the Sun on the 

First point of Aries, or point Celestial equator celestial sphere 


of Northern Hemisphere’s A projection of Earth’s equator 
Spring equinox on to the celestial sphere 
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MAPPING | 15 SKY a 


an imaginary sphere 
surrounding Earth 


TO FIND OBJECTS IN SPACE AND TO MAKE MAPS OF THE SKY, 
ASTRONOMERS USE A FRAME OF REFERENCE CALLED THE CELESTIAL 
SPHERE. THIS SPHERE IS AN IMAGINARY SHELL, CENTERED ON THE 
EARTH, UPON WHICH ANY OBJECT IN THE SKY CAN BE LOCATED. 


: . ; Constellation boundaries 
We know that objects in space can lie at any distance from Earth, but are straight and either 


in order to position them on a map we can think of them as all being a 
stuck to the inside of the celestial sphere. Just like the Earth itself, the 

sphere can be divided up with lines of longitude and latitude, including 

an equator. Similarly, just as the land area of the Earth is separated into 

countries, the celestial sphere is divided into areas called constellations. 


> The constellations Orion as seen from space 
For millennia, humans have joined stars with imaginary lines Within the constellation Orion, 
to make recognizable patterns, or constellations. These patterns a pattern of imaginary lines 
include the outlines of animals and mythical beasts and heroes. represents the body of a hunter 


In the early 20th century, the International Astronomical Union or warrior from Greek myth. 


gave formal definition to 88 constellations, giving them official 
names and setting the positions of their boundaries. In this 
modern system, a constellation is an area of sky rather than 

a pattern of lines between stars. 


V Observer's location 

From a particular place on Earth, up to half of the celestial 
sphere can be seen at any one time, with the rest hidden by the 
Earth itself. Whether or not a particular constellation is visible — 
also depends on an observer's location. For example, all of the 
constellation Canis Major can be seen between latitudes 56 
degrees north and the south pole. From a belt to the north 

of this, only part of the constellation can be seen, while in the 
region around the north pole, none of the constellation is visible. 


= a 4 § -—_—- 
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Constellation 
not visible 


Part of constellation 
visible 


Whole constellation 
visible 


CANIS MAJOR VISIBILITY FROM EARTH 


Canis Major 
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<1 The constellation jigsaw 

The constellations fit together like the pieces in 
a 3-D jigsaw puzzle, collectively filling the 
entire sky so that any star or other object can 
be placed within one of the 88 constellations. 


Within each constellation, a 
pattern of imaginary lines 
represents a real or mythical 
person, animal, or object 


The Milky Way 
Stretches around the 
celestial sphere 


Hydra is the largest of 
the constellations 


Constellations near 

the celestial equator can 
be seen from most 
places on Earth 


Constellations 
interlock precisely 
along their boundaries 


9,000 stars 

on the celestial 
sphere are visible 
to the naked eye 
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KY +} A R Constellation chart key 
The individual constellation 


charts show each main star of 


the constellation, including the a> 
THE SIX CHARTS ON THE FOLLOWING PAGES COVER THE WHOLE stars that make up its pattern ‘a 
CELESTIAL SPHERE; ONE FOR EACH OF THE NORTH AND SOUTH ers - 
POLAR REGIONS, AND FOUR FOR THE BELT OF SKY BETWEEN. SUNG Seale Nel aeg By UNG 


key shown right. The charts also 
include key deep-sky objects, 
such as galaxies, nebulae, and 
star clusters, the symbols for 
which are also shown in the 
key on the right. 


: 


Visibility, magnitude, and distance 

Each constellation has a data panel, which 
gives key information about the constellation, 
including the latitudes from where it is fully 
visible, and the months when it is highest in 
the sky. Each of the main stars has a 
brightness symbol together with its apparent 
magnitude, and a distance symbol with its eens 
distance from Earth in light-years. -ss Brightness = Distance 
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18h 


17h 


Together, the six charts show the entire sky surrounding 
Earth and the location of all 88 constellations. The two j¢, 
circular maps shown here are each centered on 
a celestial pole. The other four maps on the 
following pages cover the equatorial 15h 
regions; each is centered on a quarter 
of the celestial equator. Individual 
constellations are profiled in the 
pages following the maps. 


20h 


21h 


CHART 1 | 


NORTH POLAR SKY 


Centered on the north 12h 
celestial pole, this chart 
shows the constellations 

of the north polar sky. 

It covers the area from 
declination 90° at the pole, 1! 
southward to declination 
50°. The star Polaris, in Ursa 
Minor, is less than 1° from 
the pole and almost in the 
center of the chart. Polaris 
and the other stars around it are 
circumpolar; they never set below A. 
the horizon for observers in the oh SN ip 
Northern Hemisphere. How much NX / 
of the sky is circumpolar depends RY 

on the observer's latitude; the amount 8h 
increases the farther north you are. 
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Luminosity scale 

Major constellations include a 
scale that shows the luminosity 
(the total energy emitted, in 
multiple’s of our Sun's energy) 


of key stars, including the least 100-250 290-500 500—1,000 1,000-5,000  5,000-10,000 10,000-1 million 
ee tec eee suns suns suns suns suns suns suns suns 
constellations pattern stars. Over 1 million 

suns 
Constellation locator charts j Greek alphabet Alpha oO Eta n Nu Vv Tau ic 
Each constellation includes ga The constellation charts ; 
a locator chart in the data 4 use letters of the Greek Beta B tien (e ‘ S ae 
panel that shows where the i: alphabet to identify bright Gamma y lota il Omicron O Phi p 
constellation lies on the < stars, according to the tehia Kappa K pj r Chi x 
celestial sphere. The locator : commonly used system | 
charts are numbered to on originally invented bythe — Epsilon € Lambda A Rho p Psi W 
correspond to the large charts CHART 1 CHART 5 German astronomer Zeta «= Mu u Sigma oO Omega W 


on these introductory pages. Johann Bayer. 


18h 
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19h 


13h 


CHART 2 | 


SOUTH POLAR SKY 


Centered on the south Oh 
celestial pole, this chart | WX ee 
shows the constellations om | Tucana 
of the south polar sky. | 7 
It covers the area from ee iis Nea one BON Ng | in aa 
declination -90° atthe pole, *™ IN a Mensa Ee NG of fe muy ise at 6h 
northward to declination ec te RENE | | | 
-50°. The sky around the pole 
is lacking in bright stars, and 
no one star is close enough to oh 
identify the pole’s position. Stars ts 
in the area around the pole are X nw sf Sz 
circumpolar for observers in the Reticulum _ 
Southern Hemisphere; they remain 3h L f 
visible in the night sky, never setting 

below the horizon. The farther south 

the observer is located, the greater the 

amount of sky that is circumpolar. 
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Carina \| 
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C Lf A RT 3 The region of sky in this chart is best placed for observation on evenings 
in September, October, and November. The map is centered on a part of 
EQUATORIAL SKY the celestial equator that is crossed by the ecliptic, the Sun's path. The 


crossing point is where the Sun moves from the southern to the northern 
sky in late March each year. It is the point where lines of right ascension 
are measured from, and is the celestial equivalent of 0° longitude on Earth. 


3h oth 
50° 


20° 


10° 


10° 


O° 


Aquarius 
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Sculptor 


CHART 4 


EQUATORIAL SKY 


21h 


SKY CHARTS 


The region of sky in this chart is best placed for observation on evenings in 
June, July, and August. The Sun's path is always south of the celestial equator 
in this part of the sky. Each year it reaches its most southerly declination in 
Sagittarius, around December 21, when it is the longest day in the Southern 
Hemisphere and shortest in the Northern Hemisphere. Rich Milky Way star 
fields cross this region from Cygnus in the north to Scorpius in the south. 
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Scorpius 
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C a A RT 5 The region of sky in this chart is best placed for observation on evenings in 


March, April, and May. The map is centered on a part of the celestial equator 
EQUATORIAL SKY crossed by the ecliptic, the Sun's path. The crossing point, within Virgo, is 
where the Sun moves from the northern to the southern sky in September. 
Day and night are then of equal length across the planet. The appearance of 
Arcturus, Bootes’ bright star, marks the arrival of northern spring. 
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40° -40° 
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The region of sky in this chart is best placed for observation on evenings 
C H A RT 6 in December, January, and February. The Sun's path is always north of 
EQUATORIAL SKY the celestial equator in this part of the sky. Each year it reaches its most 

northerly declination on the Taurus-Gemini border. This occurs around 


June 21, which is the longest day in the Northern Hemisphere and the 
shortest day in the Southern Hemisphere. 


Eridanus 


=20° 
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URSA MINOR THE LITTLE BEAR 


URSA MINOR CONTAINS THE NORTH CELESTIAL POLE, AND ITS BRIGHTEST 
STAR, POLARIS, IS THE NORTH POLE STAR. THE CONSTELLATION REPRESENTS 
A SMALL BEAR, A COMPANION OF URSA MAJOR, THE GREAT BEAR. 


CEPHEUS 
MYTHICAL KING 
OF ETHIOPIA 


A FAINT NORTHERN CONSTELLATION, 
CEPHEUS IS SHAPED LIKE A BUILDING 
WITH A POINTED ROOF. IT REPRESENTS 
A KING IN GREEK MYTHOLOGY AND 
CONTAINS THE PROTOTYPE OF THE 
CEPHEID VARIABLE STARS. 


Consisting of seven main stars arranged in a saucepan shape, Ursa Minor resembles 
a small version of the Big Dipper, hence its popular name of the Little Dipper. 

In Greek mythology, it represents a nymph who nursed the god Zeus as an infant. 
Polaris, its brightest star, lies very near the north celestial pole and is an easy guide 
to finding north at night. 


KEY DATA 


Size ranking 56 


Brightest stars Polaris (a) 
2.0, Kochab (8) 2.1 


CePphey 


Cepheus was supposedly the King of Ethiopia, 

a mythical country on the eastern Mediterranean, 
not the African country we know today. He was 

the husband of Cassiopeia, who lies next to him 


inal ll in the sky, and the father of Andromeda. 
ay—June ns . 
Fully visible 90°N 0° CHART 1 The constellation’s most important features are 


(a Ursae ce MAIN STARS 


The north pole star. 


two famous variable stars. Delta Cephei was the 
first of the pulsating stars known as Cepheid 


Polaris Aloha (a) Ursae Minoris variables to be discovered. In 1784, the English 


small telescope 


Kochab Beta (6) Ursae Minoris 
Orange giant 
dec 21 = 130 light-years 


Pherkad Gamma (y) Ursae Minoris 


A nearby fainter star, ; . 
po aeB cane an White supergiant amateur astronomer John Goodricke noted 
with binoculars or a 36 2.0 ¢=> 430 light-years variations in its brightness, which cycles from 


magnitude 3.5 to 4.4 and back every 5 days 

9 hours. It is also a triple star, with one fainter 
companion visible through a small telescope. 
Mu Cephei, another variable, is known as the 


Blue-white giant 
: Garnet Star because of its strong red color. 


A red supergiant, it ranges between magnitudes 
3.4 and 5.1 approximately every two years. 


™ 490 light-years 


Kochab ($8 Ursae Minoris) 
Forms one side of the bowl of 
the Little Dipper with Pherkad 
(y). Kochab and Pherkad are 
collectively known as the 
Guardians of the Pole 


A IC 1396 


Pherkad (y Ursae Minoris) 
The constellation's 
third-brightest pattern star, 
Pherkad appears to be near 
another, fainter star, but the 
two are not related 


Situated near the border with Cygnus in the south of Cepheus, 

IC 1396 is a star cluster surrounded by a large cloud of glowing gas. 
Seen in silhouette against the bright gas in this image is a dark area 
called the Elephant's Trunk Nebula, which is a region of gas and dust 
in which new stars are forming. 


CEPHEUS 


103 


80° 


3h 


Gi 


Errai (y Cephei) 

A naked-eye star that, in 
about 1,000 years, will 
succeed Polaris as the 
northern pole star due to | 
the slow wobble of the | =" 
Earth’s axis of spin Be == 


. Oh Mull’) 
AY e AA {| 
lo hy MU 


A NGC 7354 


Situated about 4,200 
light-years away, this planetary 


nebula has an elliptical inner 


shell (in blue) with jets of gas 
(in red) shooting out. 


KEY DATA 


Size ranking 27 


Brightest stars Alderamin 
(a) 2.5, Alfirk (B) 3.2 


Highest in sky at 10pm 
september—October 


MAIN STARS 


Alderamin Alpha (a) Cephei 
White main-sequence star 


285: 2.5 = 49 light-years 
Alfirk Beta (8) Cephei 

Blue-white giant 

$02 3.2 ¢= 685 light-years 
Errai Gamma (y) Cephei 

Orange giant 

Ie% 3.9 => AG light-years 
Delta (5) Cephei 

Variable yellow supergiant 

eS 3.5-4.4 = 870 light-years 


Garnet Star Mu (u) Cephei 
Variable red supergiant 


als 


ze5 3.4-5.1 «= 6,000 light-years 


DEEP-SKY OBJECTS 


NGC 7023 (Iris Nebula) 
Star cluster and reflection nebula 


NGC 7354 
rts, Planetary nebula ee 
: se IC 1396 
NGC 7023 Star cluster and emission nebula 
1 
—— 
A\ Aifirk (B Cephei) 
A \ A naked-eye star with a 
W N fainter companion visible 
a : through binoculars or a 
VV Cephei -g | small telescope 
An enormous red supergiant; one of S . Alderamin. © , 
the largest stars known, with a 60° 7160 _ A 
diameter about a thousand times 23h NGC 7354 NGC 7160 "7 Qe 60 a \ 
greater than that of the Sun —_ 
: U 
= iq Garnet Star (u Cephei) 
— A large, luminous 
€ <= supergiant with 
ticeably red colour 
IC 1396 IC 1396 i eae e 
The nebula surrounding this - parila ee te 
Star cluster is only visible in Ooh oh by English actronoli at 
photographs but the brightest William Herschel 
stars in the cluster can be S 
seen with binoculars rd 
oy 
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$$ 
LUMINOSITIES | Omega Draconis Nu: Draconis Delta Draconis 


6 Suns 9 Suns 46 Suns 


DRACO THE DRAGON 


DRACO WINDS NEARLY HALFWAY AROUND 
THE NORTH CELESTIAL POLE. IT IS MOST 

EASILY IDENTIFIED BY THE PATTERN OF THE 
FOUR STARS THAT MARK ITS HEAD. 


Draco represents the dragon of ancient Greek 
mythology that was killed by Hercules as one 
of his 12 labors. In the sky, Hercules kneels 
next to the dragon, with one foot on its 
head. Despite its large size, Draco is 
not a particularly prominent 
constellation. Its brightest star, 
Gamma-—popularly known as 
Etamin or Eltanin—is of only 

2nd magnitude. The constellation SE te 
contains many double stars divisible P EH VIG 
by small telescopes or even binoculars, = {5 ZG fj Wy AA 3 
including Nu, a 5th-magnitude pair; Z Y LAMM GZ Mo  UYyveE Y} 
Psi, a 5th- and 6th-magnitude pair; / tivo YYW) AA 0" 


16 and 17 Draconis, both of 5th NY C> LZ Ce (haa : ] V)jY» 


NGC 6786 


Psi () Draconis 
Double star of Sth and 6th 
magnitudes, easily divisible 
through small telescopes 


Fd 


magnitude; and 40 and 41 Draconis, 

both of 6th magnitude. Draco's y C) 
comparatively few notable deep-sky 
objects include the Cat's Eye Nebula 
(NGC 6543) and the distorted spiral 
Tadpole Galaxy (UGC 10214). 


Yi, Yi) key 


Abell 2218 ' 


NGC 6543 

Planetary nebula, popularly known as 
the Cat’s Eye Nebula, lying about 3,000 
light-years away and visible through 
small telescopes as a bluish disk 


Thuban was the 
north pole star 
about 3,000 years 
ago but is now far 39 Draconis 


A wide pair of stars, of oth 


< 


UGC 10214 


16h 


and 8th magnitudes, divisible 
from the pole due through binoculars or small 
telescopes 
° Etamin (y Draconis) Nu (v) Draconis 
TO W obbling of the Also called Eltanin, Draco’s brightest Widely spaced pair of 
Star, magnitude 2.2. It forms a lozenge matching 5th-magnitude white 


shape with Beta (B), Nu (v), and Xi (€) Stars, visible with binoculars or 


Earth’s AXIS of spin that marks the dragon’s head small telescopes 


DRACO 105 


£ 


Etamin 
250 Suns 


Lambda (A) Draconis 
A red giant of magnitude 
4.1, situated about 335 


Thuban Rastaban 
255 Suns 905 Suns 


KEY DATA 


Size ranking 8 


Brightest stars Etamin (y) 
2.2, Eta (n) 2.7 


Highest in sky at 10pm 
April—August 


Fully visible 90°N—4°S CHART 1 


MAIN STARS 


Thuban Alpha (a) Draconis 


light-years awa 
gnt-y y Blue-white giant 


3e5 3.7 ¢= 303 light-years 
Rastaban Beta (6) Draconis 
Yellow supergiant 
305 2.8 = 380 light-years 
A UGC 10214 Sate ePo ea area e te Pes Pa rhea eer NG RaNa aerate Mavens Tat aNats taha Patan et eMaTSN Greta e Pete PT Rea naPet Nc PeT Pare taTRPe eT sha PataN tens tava Pata Teta Tata Nee tata tet eteVarePeta CPT aT TTS 
Commonly called the Tadpole Galaxy, this unusually shaped Etamin Gamma (y) Draconis 
galaxy has a streamer of stars and gas some 280,000 light- Orange giant, also known as Eltanin 
years long stretching out behind it. The long tail was pulled 305 2.9 ¢= 154 light-years 
out by the gravitational force ora smaller passing galaxy, just Rice: ETT ee TTP Ee ES To ORF PET ETT A ST PEPER SProMT POSTE TT TSH ROT 
visible through the foreground spiral arms at the upper left. Delta (5) Draconis 
Yellow giant 
V NGC 6543 ae a4 «= 97 light-years 


This planetary nebula consists of at least 11 shells of gas and 
dust that are thought to have been ejected from the central 
star in a series of pulses at 1,500-year intervals. The shells 
have created a pattern resembling a cat's eye, hence the zes 3.2 => 330 light-years 

nebula’ popular name: the Cats Eye Neb iol CCT ll ll ll ll ll Tl 


Zeta (C) Draconis 
Blue-white giant 


Eta (1) Draconis 
Yellow giant 


ra dl => 92 light-years 


DEEP-SKY OBJECTS 


NGC 6503 
Spiral galaxy 


NGC 6543 (Cat’s Eye Nebula) 
Planetary nebula 


NGC 6621 and NGC 6622 
Interacting galaxies 


NGC 6786 
Spiral galaxy 


UGC 10214 (Tadpole Galaxy) 
Disrupted spiral galaxy 


15h = 
Kappa (x) 
490 light-years 
> Star distances . 
All of Draco main pattern oS CE yun 
stars lie less than 500 light- Earth 


years from Earth. The nearest 
is Theta (6) Draconis, at 

69 light-years away. The 
farthest is Kappa (k) Draconis, 
at a distance of 500 light- 
years. The brightest pattern 
star, Etamin (y Draconis) is 
relatively close, at 154 
light-years away. < 


* ie ee Thuban («) 303 light-years 


ie 


ia —— Theta (6) 69 light-years 


oe 


“™®@ Etamin (y) 154 light-years 


Distance = _ 5 
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s 
LUMINOSITIES Eta Cassiopeiae 


7 Sun 


CASSIOPEIA 


CASSIOPEIA LIES WITHIN THE BAND OF THE MILKY WAY. ITS 
FIVE MAIN STARS FORM A ZIGZAG SHAPE RESEMBLING THE 
LETTER ‘W" THAT MAKES THIS CONSTELLATION EASY TO 
RECOGNIZE IN THE NORTHERN SKY. 


Cassiopeia was a vain queen of Greek mythology, the wife of King 

Cepheus. As punishment for Cassiopeia's vanity, the sea god Poseidon 

sent a monster to ravage her country’s coastline. To rid themselves 

of the monster, Cassiopeia and Cepheus chained their daughter 

Andromeda to a rock as a sacrifice. Fortunately, she was rescued 

from the monster's jaws by the hero Perseus. All the characters in this 

myth are represented by constellations close together in the night sky. 
Cassiopeia contains the remains of two supernova explosions. 

One, called Tychos Star, became visible from Earth in 1572. The 

other occurred about a century later, but went unseen at the time. 
The major features of the constellation for users of small telescopes 

are the beautiful double star Eta Cassiopeiae and several open clusters 

of stars, notably M52, M103, and NGC 457. 


> Star distances 

One might be forgiven for thinking that the 
five main stars in Cassiopeia’ distinctive “W" 
formation are relatively close together, but in 
fact they lie at greatly differing distances from 
Earth. The farthest away, Gamma Cassiopeiae 
(the central star in the “W’), is more than ten a ___—__—_ 
times more distant than the nearest of the five 


a 


Caph Ruchbah 


30 Suns 70 Suns 


<1 Changing shape 
All stars are moving through space, 
so constellation patterns gradually 
change with time. These diagrams 
show the stars that make up 
Cassiopeia 50,000 years ago (top) 
and how it will appear in 50,000 
and 100,000 years from now 
(center and bottom). 


50,000 CE y 


100,000 CE 


60° 


IC 1848 


<| Cassiopeia A supernova remnant IC 1805 


The strongest radio source in the sky, 
Cassiopeia A has been identified as the 
remains of a supernova explosion 
some 11,000 light-years away. Light 
from the supernova should have 
reached Earth in the 1600s. However, 
there is no record of it having been 
observed, so it was probably dimmed 
by the surrounding dust. This image 
of the exploded star is a composite of 
observations made at infrared (red), 
optical (yellow), and X-ray (green 

and blue) wavelengths. 


IC 1805 me 
Surrounding this star cluster is SP 
a cloud of glowing gas called 

the Heart Nebula, so-named 

because it resembles the 

human heart in shape. 


____————_ Epsilon (e) 410 light-years 


ce a 


Gamma (y) 
990 light-years 


to us, Caph (Beta Cassiopeiae) Earth —y 


a 


Caph (B) 55 light-years 


Shedir (a) 230 light-years 


Distance AA AMMO "> 
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Shedir Epsilon Cassiopeiae - Gamma Cassiopeiae 


540 Suns 630 Suns 3,400 Suns 


In November 1572, a KEY DATA 
supernova in Cassiopeia ea 
2.2, Gamma (y) 2.2 


was as bright as the planet sie fae 


Venus and visible by day ih 


October-December 


MAIN STARS 


Shedir Alpha (a) Cassiopeiae 
Orange giant; Schedar is an alternative spelling 
M103 a 
Visible with binoculars and whe 2.2 > 230 light-years 


smaltelescopes, MiSs «=(“‘<‘é<(it«sé‘(<ti«sé‘<CS;7C; *é<‘i‘iéié‘ai‘;:;‘<“‘il icc, imines 
a group of about 80 stars. Caph Beta (fs) Cassiopeiae 


Because of its shape, it is White giant 
often called the ET Cluster, Jef 2.3 = 55 light-years 
the Owl Cluster, or the SN 1572 Bore eas seth Ce Senet See nD ed tenis reruns Meee or ener a es ee eee eb REL 
Dragonfly Cluster Known as Tycho’s Star, Gamma (y) Cassiopeiae 


after the astronomer Tycho 


Brahe who first observed Blue-white subgiant 


it, this supernova was the see 2.4 550 light-years 
brightest star inthe sky for =si(‘ét«*#*#*!*!CCR ———eele 
4 few months in 1572 Ruchbah Delta (6) Cassiopeiae 
White subgiant 
AED if = 99 light-years 


Epsilon (<) Cassiopeiae 
Blue giant 


Cassiopeia A ot . 
Although this supernova zac 3.4 = 410 light-years 


ugh this suena ssn 
time it exploded, its Eta (n) Cassiopelae 


remnant is a powerful Yellow main-sequence star 
radio source today Jee 3.4 = 19 light-years 


Rho (p) Cassiopeiae 
Yellow supergiant variable 


et 4.1-6.2 => 12,000 light-years 


DEEP-SKY OBJECTS 


M52 
Bright open cluster of about 100 stars 
M103 
small open cluster of about 25 stars 
NGC 457 
Loose open cluster of about 80 stars 
NGC 663 
Large open cluster of about 80 stars 
NGC 7635 
Emission nebula; also known as the Bubble Nebula 
IC 1805 
Star cluster surrounded by the Heart Nebula 
Cassiopeia A 
Supernova remnant; strong radio source 
Rho (p) Cassiopeiae 2h) te 
As bright as half a OU seo el SY eee | 
1h million Suns, Rho 
f | Cassiopeiae is a highly 
O 7 luminous supergiant. 
| | It pulsates in size and 
. brightness every 10 
a 
ome d months or so 
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LYNX 
THE LYNX 


THIS NORTHERN CONSTELLATION FILLS A BLANK AREA 

OF SKY BETWEEN URSA MAJOR AND AURIGA. THE LYNX IS 
DRAWN AROUND A CHAIN OF STARS THAT STRETCHES FROM 
ITS NOSE TO ITS TAIL. 


Johannes Hevelius, the Polish astronomer who defined this constellation in 
1687, was renowned for his sharp eyesight. He noted that only those who 
were as sharp-sighted as cats would be able to see it. Most naked-eye 
observers will see little more than its brightest star Alpha. With a telescope, 
interesting double and multiple stars can be seen, such as the triple star 

19 Lyncis, which consists of two stars of 6th and 7th magnitude and a wider 
8th-magnitude companion. Notable deep-sky objects are the distant globular 
cluster NGC 2419 and the huge star-forming region known as the Lynx Arc. 


~ayt 
yer 
& 


UGC 4881 
Two colliding galaxies with 
merging disks and a tail of 
star clusters. Called the 
Grasshopper, it is 500 

million light-years away 


NW 


| WN 


Hii] 
JT 
WHIT} 


NGC 2419 
At 300,000 light-years 
away, this is one of the 
most distant globular 
clusters in our galaxy. 
| It is also immense, at 
400 light-years across 


<1 The Lynx Arc 

A vast arc of brilliant light 
about 12 billion light-years 
away gives a glimpse back in 
time to a period of intense 
star formation. The Lynx Arc 
is the biggest, brightest, and 
hottest star-forming region 
known. It is a million times 
brighter than the better- 
known Orion Nebula and 
contains a million blue-white 
Stars, twice as hot as similar 
stars in the Milky Way. 


KEY DATA 


Size ranking 28 


Brightest stars Alpha (a) 
3.1, 38 Lyncis (a) 3.8 


ie 


. % 
Ri va ww 
Abbreviation Lyn Aiaco peal 
Highest in sky at 10pm Wysvaiss 
February-March > 7 
Fully visible 90°N—28°S CHART 6 
MAIN STARS 


Alpha (a) Lyncis 
Orange giant 


Jet 3.1 ¢=> 2083 light-years 
5 Lyncis 

Optical double star 

Je 5.2 = 625 light-years 
12 Lyncis 

Triple-star system 

te 4.9 = 215 light-years 
19 Lyncis 

Triple-star system 

Jez 5.8 => 470 light-years 
38 Lyncis 

Blue-white main-sequence star and double star 
Jet 3.8 ¢=> 125 light-years 


DEEP-SKY OBJECTS 


NGC 2419 
Globular cluster 


UGC 4881 
Pair of interacting galaxies; also called the Grasshopper 


Lynx Arc 
star-formation region 


CAMELOPARDALIS 109 


C, Struve 1694 
So A double star consisting of a 
My i blue-white main-sequence 

No r Star and a blue-white giant. 


The ancient Chinese used it 


vein THE GIRAFFE 


OCCUPYING AN AREA OF SKY BETWEEN CASSIOPEIA AND THE “HEAD” 
OF THE GREAR BEAR (URSA MAJOR), CAMELOPARDALIS LACKS BRIGHT 
OBJECTS AND IS BEST FOUND BY FIRST LOCATING ITS NEIGHBORS. 


Left blank by the ancient Greeks, this large and barren region of northern sky 
contains no stars brighter than 4th magnitude. The gap was eventually filled in 1612 
when Dutch theologian and astronomer Petrus Plancius drew a giraffe around some 
of its stars. Its front legs, body, and back legs fit around an inverted “U" shape of 
stars. The giraffe's distinctive neck is drawn around no particular stars and stretches 
up toward Draco. The constellation’s most notable feature is a trail of unrelated stars 
called Kemble's Cascade that lead away from NGC 1502 toward Cassiopeia. 


KEY DATA 


Size ranking 18 


Brightest stars Beta (f) 
4.0, Alpha (a) 4.3 


Highest in sky at 10pm 
December—May 


MAIN STARS 


Alpha (a) Camelopardalis 
Blue supergiant 


30 43 «=> 6,269 light-years 


Beta (8) Camelopardalis 
Yellow supergiant and double star 


sez 4.0 ©» 872 light-years 


DEEP-SKY OBJECTS 


NGC 1502 
Ly , RS 
t NGC 2403 
Spiral galaxy 
NGC 2403 IC 3568 
A 9th-magnitude Planetary nebula 


Spiral galaxy 
about 12 million 
light-years away. 
It is visible with a 

small telescope 


NGC 1502 
An open cluster of about 45 stars, 
combined magnitude of 6.9. A chain . 
of faint stars known, as Kemble’s oh 


Cascade, leads from NGC 1502 in | ray 
the direction of Cassiopeia ee 1S ev 
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et 


LUMINOSITIES | ~ Xi Ursae Majoris ge * arak ~ Phad 


1.5 o0ns 25 Suns 60 Suns 62 Suns 


URSA MAJOR + 


THE THIRD-LARGEST CONSTELLATION, URSA MAJOR 
IS BEST KNOWN FOR CONTAINING THE BIG DIPPER 
(ALSO CALLED THE PLOUGH), PROBABLY THE MOST 
FAMOUS STAR PATTERN IN THE ENTIRE SKY. 


Seven stars make up the familiar ladle-shaped pattern 
known as the Big Dipper: Dubhe, Merak, Phad, Megrez, 
Alioth, Mizar, and Alkaid. The second star in the handle of 
the dipper is a wide double. The brighter of the pair is 
Mizar, and its companion is Alcor. Two stars in the bowl of 
the dipper, Merak and Dubhe, point toward the north pole 
Star, Polaris, in nearby Ursa Minor, the Little Bear. 


M101 
Also known as the Pinwheel 


Ursa Major also contains several interesting deep-sky Galaxy, this large, face-on 
objects. These include M101, a face-on spiral also known ae bol 
as the Pinwheel Galaxy; M81 and M82 (also called the Danae ea 
Cigar Galaxy), a pair of galaxies that are thought to have 
had a close encounter about 300 million years ago; and 


the planetary nebula M97, popularly called the Owl 
Nebula because of its resemblance to an owl's face. 


< NGC 3982 , Mizar (¢ Ursae Majoris) 
Pink clouds of glowing hydrogen gas stand out along A 2nd-magnitude star with 
the spiral arms of this face-on spiral galaxy, nearly 70 a 4th-magnitude companion, 
million light-years away. Like the bright nebulae in our Alcor, that can just be seen 
own galaxy, these clouds are areas where stars are being with the naked eye but is 
born, while the bluer regions consist of hot young stars. easily visible with binoculars 


NGC 3982 is about 30,000 light-years wide, nearly 
one-third of the diameter of the Milky Way. 


<] M82 

Popularly known as the Cigar 
Galaxy, this is undergoing a 
huge surge in star formation 
as a result of an interaction 
with its neighboring galaxy, 
M81. Plumes of hot, ionized 
gas (red in this Hubble image) 
are being blasted out above 
and below the disk of the 
Cigar Galaxy. Situated in the 
northern part of Ursa Major, 
both galaxies are 12 million 
light-years from Earth. 


> Star distances ____—# Dubhe (a) 123 light-years 
Ursa Major's main pattern stars lie between 
29 and 358 light-years away from Earth. The — 
two stars that form the ends of the Plough 
asterism—Dubhe and Alkaid—are 123 and 

104 light-years away, respectively. The other Earth 
five stars of the asterism—Merak, Phad, Megrez, ' oe 

Alioth, and Mizar—all lie at similar distances | ee Kappa (x) 


ee, 


(about 80-86 light-years away) and are moving Pi a ae 396 light-years 
in the same direction through space. They form nS cee 
oe : © Xi (%) 29 light-years ——~@ Mu (u) 230 light-years 


what is known as the Ursa Major Moving 
Group, a former open cluster that has drifted 
apart. 


____— Alkaid (n) 104 light-years 


Distance > 


URSA MAJOR 111 


a$$ ————————————————EEESSSSSFSFSFSFSFSSSSSSSSSSSSS oe ie 
~ Mizar ~ Alioth ~ Alkaid Dubhe 
77 Suns 710 Suns 160 Suns 235 Suns 
Cy 
2 M81 
@ 
“o Spiral galaxy about 12 KEY DATA 
“2, million light-years away, Size ranking 3 


(og brighter and easier toS@@ evens cosseoeeeeenneeeenenneeennnetstiiseaseesennen 
QP, with binoculars or a small Brightest stars Dubhe (a) 
S telescope than its neighbor 1.8, Alioth (e) 1.8 


M82 (the Cigar Galaxy) rir Genitive * eae Majoris diacsen sees 
ane Abbreviation UMa 
\ Ey * aN Highest in sky at 10pm 
EWAN QALY INS February—Ma 
Oy + NS yay 
AUN i AWN Fully visible 90°N—16°S CHART 5 
SS WO I nace ence ence ence ene e ene e ones eee eee eeeeeeneeeneeeeaees 
\"" RAR OO, > tr > 
SS SAN 
\\ mafic Ni, 7) MAIN STARS 
\ \ Se ON ht Soll yg7 Dube Alpha (a) Ursae Majors 
ETN \Y N\ “Yy 5 Hi) iii 
N AK aN A planetary nebula too snes grant 
\ \ faint to be seen well with a sez 1.8 = 123 light-years 


small telescope. Larger a 
telescopes show the two  Merak Beta (B) Ursae Majoris 
owl-like “eyes” that give Blue-white subgiant 


the object its popular 3M ne 
name of the Owl Nebula __.... ‘ fe ee me UNE ane Re. 


Phad Gamma (y) Ursae Majoris 
Blue-white main-sequence star, also Known as Phecda 


022.4 «=> 83 light-years 


Megrez Delta (6) Ursae Majoris 
Blue-white main-sequence star 
ae os > 81 light-years 


Alioth Epsilon (¢) Ursae Majoris 
Blue-white giant or subgiant 
MN\\\ \ \ AN als ] 
CLIN TUN Se bec 1,0 ¢=> 83 light-years 
~ : Ne | | \ \ \\\\ ee ee ee 


S Mizar Zeta (¢) Ursae Majoris 
Blue-white main-sequence star 


3e5 2.3 ¢=> 86 light-years 


Alkaid Eta (y) Ursae Majoris 
Blue-white main-sequence star 


. 
AA 


Jet 1.9 «=> 104 light-years 
Xi (&) Ursae Majoris 


Binary of yellow-white main-sequence stars 
205.4.3,4.7 = 29 light-years 


DEEP-SKY OBJECTS 


M81 
Spiral galaxy 


M82 (Cigar Galaxy) 
Edge-on disturbed spiral galaxy 


M97 (Owl Nebula) 
Planetary nebula 


M101 (Pinwheel Galaxy) 
Spiral galaxy 


NGC 3982 
Spiral galaxy 
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Xi (€) Ursae Majoris 
Binary pair divisible with a 


| small telescope, magnitudes 
| 4.3 and 4.7, with an orbital 
39° period of 60 years 
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LUMINOSITIES | Beta Canum Venaticorum RS Canum Venaticorum 


1.2 Suns 13 Suns 
CAN ES VENAI ICI ae 
ne oe - 
biter gare Ace(c) (E 


BETWEEN BOOTES AND URSA MAJOR LIES THE CONSTELLATION CANES VENATICI, Highest in sky at 10pm 


REPRESENTING A PAIR OF HUNTING DOGS HELD ON A LEASH BY BOOTES. SEVERAL ec sip manere 
REMARKABLE GALAXIES LIE WITHIN ITS BORDERS, MOST NOTABLY M51, POPULARLY ns 
KNOWN AS THE WHIRLPOOL. MAIN STARS 
Not recognized by the ancient Greeks, the Near the constellations upper border with Ursa ete cia eae 
constellation Canes Venatici was introduced in Major lies M51 (see pp.114-15), a face-on spiral 2422.9 => 115 light-years 
1687 by Johannes Hevelius, a Polish astronomer galaxy. Its spiral structure was first detected in Penpcuimcnct: =.  — @ 
who invented several new sky figures. He imagined 1845 by an Irish astronomer, Lord Rosse, using Yellow main sequence 
it as two hounds held on a leash by the adjacent a telescope he had built himself at his home at EAS 2Blightyears 
Bodtes, the Herdsman. Birr Castle, County Offaly. Rosse’s discovery led La Superba Y Canum Venaticorum 

This constellation has few stars of note. Its to speculation that such spiral objects could be bis geld 
brightest star was named Cor Caroli (Charles's separate galaxies far off in space. In the case of ee ee 
Heart) in the 17th century to commemorate M51, the distance is about 30 million light-years. Sa ea 
King Charles | of England, who was beheaded A smaller galaxy, called NGC 5195, lies near the pea gata 
by the republican parliament in 1649. end of one of its AIMS. seeessrereerreeertcseessssceeeeneeccccnnsnsssseeeecnsscinssssensssseeeecnsecsssseessssecerecssesssis 


DEEP-SKY OBJECTS 


In 1845, Lord Rosse observed M51, the first : 


Globular cluster 


a) C) e 
spiral galaxy to be recognized, using what Met | 
Spiral galaxy; also known as the Whirlpool Galaxy 
9 Wee ed ee LE 
was then the world’s largest telescope M63 
Spiral galaxy; also known as the Sunflower Galaxy 
M94 
<1 M106 Spiral galaxy 
Thieviewofspitaliealaw ia a : aaa nenee enna ee eT EE 
is a composite of images from Teer 
the Hubble Space Telescopeand See Ee ee ee 
two amateur astrophotographers, NGC 4244 
Robert Gendler and Jay GaBany. Edge-on spiral galaxy 
—iiceaaie ee ee ee ee 
The glowing patches in this dwarf Irregular dwarf galaxy 
galaxy are DUIStS OF SEA TORII LICH: «Semmes 
most probably triggered by an NGC 4631 
interaction or merger with one Edge-on spiral galaxy; also called the Whale Galaxy 


or more smaller galaxies. 


CANES VENATICI 113 


I 


Cor Caroli La Superba 
75 Suns 608 Suns 


La Superba (Y Canum 
Venaticorum) 

Notable for its deep red 
color as seen through 
binoculars and small 
telescopes, this red 
giant varies between 
oth and 7th magnitudes 
every five months or so 


M51 

The face-on spiral galaxy 
M51 is visible through 
binoculars and small 
telescopes. Larger 
instruments show that it is 
interacting with a smaller 
companion, NGC 5195 


Gs 
A 
M63 v 
Lying 30 million - 
light-years away (similar Z 
to the distance of M51), 2 
this beautiful spiral is ”" 
popularly termed the = 
Sunflower Galaxy 
| 13h <> NGC 4631 
30 i | 
Coma Berenices Cor Caroli (« Canum 
Pp 4h Venaticorum) 
= M3 The two bodies that 
M3 ar as make up this wide 
This globular cluster is easily double star of 3rd 


Seen with binoculars and small 
telescopes, appearing about 
half the width of the full Moon 


and 6th magnitudes 
are easily Separated 
by small telescopes 


> Star distances 

Canes Venatici contains numerous Cor Caroli (c) 
celestial objects of interest, but the 115 light-years 
constellation figure is made up of ee 

only two pattern stars. The brighter O——_—__ a 

of the two, Cor Caroli, lies more Earth __—_——"_———® Beta (p) 

than four times farther than the 28 light-years 


fainter Beta Canum Venaticorum. 


3 _$§ i Distance RA 


WHIRLPOOL GALAXY 


1| Grand spiral 
Long lines of stars and dust-laced gas wind 


round the center of the M51, known as the 
Whirlpool Galaxy. The arms are star-forming 
factories where hydrogen gas is compressed and 
new stars are born. The young hot stars make the 
arms look bluish, and cause clouds of hydrogen 
to glow pink. The small galaxy (NGC 5195) at 
right is passing behind the Whirlpool, triggering 
star formation as it glides by. 


Galaxy core 


When seen imaged in X-rays, the galaxy's 

core shines brightly. This image, taken by the 
Chandra X-ray Observatory, reveals vast clouds 
of multi-million degree gas at either side of it. 
The cloud at upper left of the bright central core 
is 1,500 light-years across. The gas is heated 

by a high-velocity jet of material accelerating 
away from a supermassive black hole within 

the galaxy’s nucleus. 


Inside the core 


This Hubble Space Telescope image takes us 
to the very heart of the galaxy—the active 
galactic nucleus (AGN) of its central core. The 
dark "X" silhouetted against the bright nucleus 
marks the exact location of a black hole, but 
hides it and its disk of infalling hot gas from 
view. The broad line of the X is a dust ring 
100 light-years across lying at right angles 

to the galaxy’s disk. 


4 X-ray view 

More than 400 X-ray sources are revealed in 
this image of the Whirlpool by the space-based 
Chandra X-ray Observatory, which took 11 
hours of observation to create. Most are X-ray 
binary star systems in which a neutron star, or 
more rarely a stellar black hole, captures 
material from an orbiting companion star. The 
infalling material heats to millions of degrees, 
producing a luminous X-ray source. 


5 | Dusty galaxy 

Most of the galaxy’s starlight is invisible 
when viewed in near-infrared light. Instead 
we see the Whirlpools dust structure, shown 
here in red. The dust is tied up in smooth, 


diffuse dust lanes, rather than large dust clouds. 


These lanes are punctuated by hundreds of 
tiny clumps of stars, not seen in optical images 
because their light cannot penetrate the dark 
dust enshrouding them. 
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BOOTES 


A DISTINCTIVE KITE-SHAPED PATTERN IN 
THE NORTHERN SKY, BOOTES IS HOME TO 
ARCTURUS, ONE OF THE BRIGHTEST AND 
CLOSEST STARS TO US. 


A large constellation, Bodtes extends from Draco 
and Ursa Major in the north to Virgo in the south. 
Myths differ about what exactly Bodtes represents 
but he is often taken to be a herdsman who is 
driving away two bears—represented by the 
constellations Ursa Major and Ursa Minor—with 
the aid of his dogs, represented by the adjacent 
constellation Canes Venatici. Bodtes’ brightest star 
is Arcturus, which is “bear guard” or “bear keeper’ 
in Greek. It is the brightest star north of the 
celestial equator. Bodtes is also noted for its 
double stars. The best is Izar, one of the most 
beautiful doubles in the sky. The Quadrantid 
meteor shower, named after Quadrans, an 
obsolete constellation that once took up part of 
Bodtes, radiates from this area of sky every January. 


Arcturus emits over 
100 times more 

energy than the Sun 
even though it 1s only 
slightly more massive 


oN 
yy 


Alkalurops 


Arcturus (co Bootis) 
The 4th-brightest star in 
the entire sky, this orange 
giant is 25 times the width 
of the Sun and lies only 
37 light-years away 
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Seginus 


Nekkar (8 Bootis) 

A yellow giant about 
20 times the width of 
the Sun, three times 
its mass, and about 
180 times as luminous 


Izar (¢ Bootis) 

Viewed through a 
telescope, this star is 
revealed to be a double, 
comprising an orange 
giant of magnitude 

2./ and a white main- 
sequence star of 
magnitude 5.1 


Tau (t) Bootis | 


A white main-sequence 
star lying 51 light-years 
away and the parent star 
of one of the first 
exoplanets discovered 


<] NGC 5548 

Lying face-on to us, NGC 5548 is a lenticular 
galaxy 250 million light-years away. A 
supermassive black hole is at the center of 
its brilliant core. Unusually, however, a 
clumpy gas stream flowing outward from 
the center is blocking most of the X-rays 
emitted by the black hole. 


10° 


31 
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Size ranking 13 Size ranking 73 


‘wow CORONA BOREALIS 0a 
pitas a acai aes aacencctencts T L] E \ O RT L] E R \ C ROW \ ee ne \2 ne : 


Brightest stars Arcturus (a) 
-0.1, Izar (e) 2.4 


2.1—2.3, Nusakan (B) 3.7 


“poweiation Bs i ldasisactgptaftetsulcinidaiig Aoieiatin C3 
Highest in sky at 10pm REPRESENTING A MAGNIFICENT CROWN, Highest in sky at 10pm 3 aay 
May-June June none 

oo : CORONA BOREALIS IS A SMALL BUT DISTINCTIVE ee a or 

ee _ CONSTELLATION IN THE NORTHERN SKY. Pic si decniciete dhe Merit 
MAIN STARS MAIN STARS 


One of the original 48 constellations of ancient Greece, 


PN aL anes Corona Borealis represents the jewel-studded crown worn pipneene nina) ote rials 


Orange giant eatin ad ¢ ' dai White main-sequence star; also an eclipsing binary 
Ne 0 ‘=> 37 light-years 3 by the mythica Princess Ariadne O Crete at her wedding M0123 «my 75 light-years 
aa Seca Aiea ee : to the god Dionysus. Newly married, Dionysus tossed the SO ea ag Lana Nae a eT ort RETO RT 
Nekkar Beta (6) Bootis = Nusakan Beta (8) Coronae Borealis 
Yellow giant crown into the sky, where its jewels became stars. The crown White main-sequence star: also a binary 
382 3.5 => 225 light-years shape is drawn around seven linked stars. Found between 38 3.7 > 112 light-years 
Seginus Gamma (y) Boatis _ Bodtes and Hercules, it is easily spotted despite the relative Gamma (y) Coronae Borealis 
White giant; also a variable star - faintness of its stars. Corona Borealis contains interesting White main-sequence star 
ee as _ double stars and variables. It is also host to several galaxy eS 
Delta (5) Bootis clusters, including SDS J1531+3414 and Abell 2065. The Zeta (¢) Coronae Borealis 
a giant; also a double star latter contains more than 400 galaxies but is 1.5 billion el ie re oe also a double star 
30 35 = 122 light-years _— ; ; = sez 4.9 470 light-years 
kw Le ee OU eels Sa Aare Sere | light-years away and is too faint to be visible with most Wee Sp iota cee thei einem Neate cere 
Izar Epsilon (e) Bootis Nu (v) Coronae Borealis 
Orange giant; also a double star amateur telescopes. Red giant; also a double star 
set 2.4 ¢=> 202 light-years eee ei Jet 5.2 ¢=> 640 light-years 
a ae eae ae, Ln ee r Seek a aN a a 
Muphrid Eta (n) Bootis A dense cluster of mainly giant Sigma (o) Coronae Borealis 
Yellow subgiant oe ea | a few White main-sequence star; also a double star 
F | spiral and irregular galaxies | 
Aa = 37 light-years : Sere sez 5.6 = 69 light-years 


Alkalurops Mu (u) Bootis 
White main-sequence star: also a triple star 


R Coronae Borealis 
Yellow supergiant; also a variable star 


305 4.3 > 113 light-years - 3865.7 ¢=> 81,500 light-years 

= T Coronae Borealis 
DEEP-SKY OB JECTS 3 ey nova, also Known es the Blaze Star 

sea 0:2 = 3,470 light-years 

NGC5248 + 2 |} | i cer ceecseseteecunsiteecsnsistecsussiseesuusumessssueeesnsssseessnsiseeesneieesssniseeen 
Spiral galaxy 
NGC 5466 DEEP-SKY OBJECTS 
Globular cluster SDSS J15314+3414 
NGC 5548 i ee 
Lenticular galaxy; also a Seyfert galaxy Abell 2065 


NGC 5676 
Spiral galaxy 


NGC 5752 and NGC 5754 
Pair of interacting galaxies 


Galaxy cluster 


Sapnoi90 


R Coronae Borealis 

A yellow supergiant usually 
just visible to the naked eye 
but which diminishes in 
brightness every few years to 
about magnitude 14 


T Coronae Borealis 
Also called the Blaze Star, one of 
the brightest and most reliable 
recurrent novae, brightening from 
about magnitude 10 to about 2 Serpens C aput 
every few decades 


Alphekka (a Coronae Borealis) 
An eclipsing binary varying in 
brightness between magnitudes 
2.1 and 2.3 in a 17.4-day cycle 
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-S 
LUMINOSITIES Mu Herculis 


3 Suns 


HERCULES 


Zeta Herculis 
8 Suns 


HERCULES IS A LARGE BUT NOT PARTICULARLY PROMINENT CONSTELLATION 


LYING BETWEEN LYRA AND BOOTES. ITS MOST NOTABLE FEATURES ARE 


GLOBULAR STAR CLUSTERS, INCLUDING M13, WHICH IS GENERALLY REGARDED 


AS THE FINEST IN NORTHERN SKIES. 


Hercules is oriented with his feet pointing north 
and his head in the south. He represents the 
strongman of ancient Greek mythology who was 
ordered to undertake 12 epic labors. Among them 
was slaying a dragon, and in the sky Hercules is 
visualized with his left foot over the dragon's head, 
represented by the constellation Draco to 

the north. Hercules’ head is marked by the star 
called Rasalgethi, which is a red giant of variable 
brightness. Although Rasalgethi is labeled 

Alpha Herculis, the constellations brightest star 

is Beta Herculis, also known as Kornephoros. 


> Star distances 

The nearest of Hercules's main pattern stars, 

Mu (u) Herculis, is only 27 light-years away 

while the farthest is Theta (8) Herculis, at 

about 758 light-years. Coincidentally, these 

are also the least and most luminous of the 

pattern stars. Mu emits as much energy as 

about three Suns whereas Theta emits the Earth 
equivalent of about 1,330 Suns. 


Four of the constellation’s pattern stars (Epsilon, 
Zeta, Eta, and Pi Herculis) form a quadrangular 
shape called the Keystone. The Keystone marks 
the lower body of Hercules. On one side of the 
Keystone lies the bright globular cluster M13, 
which is nearly 150 light-years across and contains 
more than one-quarter of a million stars. 

Hercules also contains several attractive double 
stars that can be separated with the use of a small 
telescopes, notably Rho Herculis, 95 Herculis, 
and a relatively bright and nearby white dwarf, 
110 Herculis. 


<1] Hercules A 

Jets of gas a million light-years 
long shoot out from Hercules 
A, an elliptical galaxy about 
two billion light-years away. 
Although invisible at visible- 
light wavelengths, the jets 
can be detected at radio 
wavelengths and can be 

seen clearly in this combined 
visible-light and radio-wave 
image. The jets are thought 
to be powered by a black 
hole with a mass of about 
2.5 billion Suns at the 
galaxy's center. 


Delta Herculis 
26 Suns 


A M13 

The brightest globular cluster in the 
northern sky, M13 lies about 25,000 
light-years away and contains an 
estimated 300,000 stars. It is just visible 
to the naked eye; with small telescopes, 
details such as chains of stars are visible. 


110 Herculis 

White dwarf about 
63 light-years away. 
With a magnitude of 
4.2, itis visible with 
the naked eye 


Theta (6) 
758 light-years 


Beta (6) 139 light-years 


ee Pi (xt) 377 light-years 


——" Mu (u) 27 light-years 


_—) Delta (5) 75 light-years 


Distance 
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Gamma Herculis Kornephoros Rasalgethi e Theta Herculis 


97 Suns 120 Suns 820 Suns 7,330 Suns 


KEY DATA 


Size ranking 5 


Draco 


. M92 Brightest stars Kornephoros 
Globular cluster fainter and (B) 2.8, Zeta (2) 2.8 
smaller than M13. Looks starlike eee ete TP itemeees 
through binoculars but Genitive Herculis 
iS revealed Bhs q star cluster ies Wide Od ei daa ar 8 a et oe ile Sse assist Ware sauce Se Sis elle Sova lawiecaceie Wisis ave tesa “a oie Oisimueie 
through a small telecope 


Highest in sky at 10pm 
June-July 


MAIN STARS 


Rasalgethi Alpha (a) Herculis 
Variable red supergiant 


205 2,.7-4.0 => 360 light-years 


Kornephoros Beta (6) Herculis 


Yellow giant 
3e< 2.8 ¢= 139 light-years 
M13 POOP PT ON Oe Tee — ee 
Globular cluster visible with Gamma (y) Herculis 

binoculars as a hazy White giant 

6th-magnitude patch sy 

about half the sizeof =. aL. 

the Full Moon Delta (5) Herculis 

Blue-white supergiant 
Jet 3.1 = 75 light-years 
Zeta (C) Herculis 
Yellow-white supergiant 
3e% 2.8 ¢=> 35 light-years 
Eta (1) Herculis 
Yellow giant 
Jet 3.5 ¢=> 109 light-years 


Pi (st) Herculis 
Orange giant 


Jet 3.2 ¢=> 377 light-years 


DEEP-SKY OBJECTS 


M13 
Globular cluster 


M92 


NGC 6210 
Planetary nebula 


IC 4539 
Planetary nebula 


Abell 39 
Planetary nebula 


Hercules Cluster 
Cluster of about 200 galaxies 


Cluster <> 


95 Herculis 

Pair of 5th-magnitude 

giant stars, yellow and 
white, divisible through 
a small telescope 


100 Herculis Rasalgethi (a Herculis) 
Pair of 6th-magnitude Red supergiant that varies 
blue-white stars easily irregularly between 3rd 
divisible through a and 4th magnitudes. A 5th- 
small telescope magnitude companion is 


visible with a small telescope 


A 


4 


ke Hercules 


120 THE CONSTELLATIONS 


LUMINOSITIES | Epsilon Lyrae Vega Delta’ Lyrae 


29 Suns 50 Suns 470 Suns 


THIS PROMINENT CONSTELLATION IN THE NORTHERN SKY _V Structure of M57 (Ring Nebula) 


From our viewpoint on Earth, the planetary nebula M57 looks 


CONTAINS THE FIFTH-BRIGHTEST STAR VISIBLE FROM EARTH, __ likeasmoke ring around a central star. Seen side-on, though, it 
VEGA. ALONG WITH SEVERAL INTERESTING DOUBLE STARS would look more like the diagram above. A doughnut-shaped 


ring of gas with denser knots in it is expanding away from the 


AND A FAMOUS PLANETARY NEBULA. central star's equator, while fainter lobes of thinner gas extend 


from the star's poles (top and bottom). 


The constellation Lyra is said to represent the lyre, or harp, played by 


the legendary Greek musician Orpheus. However, Arab astronomers pt 
visualized it as an eagle or vulture, and the name of its brightest star, 
Vega, comes from an Arabic phrase meaning “swooping eagle ro 
(or vulture).” low-density 
Near the brilliant Vega lies Epsilon Lyrae, a celebrated quadruple star latter 
about 160 light-years away. Telescopes show that each star in this ne 
‘double’ is in fact a close pair—hence its popular name, the Double 
Double. Another famous double is Beta Lyrae. In this case, the brighter 
component is also an eclipsing binary (see p.43), which varies between Main ring consisting . 4 
magnitudes 3.3 and 4.4 every 12.9 days. star ata 7 
Delta Lyrae is an unrelated pair of red and blue-white stars, of 4th iaaaet 
and 6th magnitudes, which is easily divided with binoculars. Zeta Lyrae, ae a 


another pair of 4th and 6th magnitudes, can be separated with 
binoculars or small telescopes. Between Beta and Gamma Lyrae lies the 
Ring Nebula, M57, a beautiful planetary nebula shaped like a smoke , 

; Dying star at 
ring (see pp.122-23). center of nebula 


Epsilon Lyrae, the Double Double, is a remarkable 
family of four stars, all linked by gravity 


[> NGC 6745 

A collision between two 
galaxies has produced this 
strangely shaped object, 
which resembles a bird's 
head. The main part of the 
“head, seen here in this 
Hubble Space Telescope 
image, is a spiral galaxy. It 
has been highly distorted 
by its encounter with a 
smaller elliptical galaxy, 
which is just visible in the 
bottom right corner, at the 
end of the “beak.” The 
blue-white patches at the 
top and right of the spiral 
are areas of star formation 
triggered by the collision. 


A, M56 


This globular cluster is a ball of ancient stars just over 
30,000 light-years from the Sun. It requires a fair-sized 
telescope to be seen well. Studies of the chemical 
composition and age of the stars in the cluster suggest that 
it was once part of an older dwarf galaxy that subsequently 
merged with the Milky Way. 


R Lyrae 

The red giant variable 
R Lyrae ranges in 
brightness between 
magnitudes 3.9 and 
5.0 every Six or 
seven weeks 


Epsilon (e) Lyrae 

This four-star family 
appears in binoculars 
as a wide double of 
oth-magnitude stars. 
Telescopes can further 
divide each star into 

a close pair 


Sulafat 
7,580 Suns 


Delta? Lyrae 
910 Suns 


Vega (a Lyrae) 

The fifth-brightest star 
in the sky, Vega forms 
one corner of a large 
triangle in northern 
summer skies with 
Deneb in Cygnus and 
Altair in Aquila 


M56 
M56 is a faint, 
distant globular 
cluster, visible as a 
hazy patch through 
small telescopes 


V Star distances 


M57 (Ring Nebula) 
The Ring Nebula is a 
planetary nebula about 
2,000 light-years from 
Earth. It requires a 
telescope to be seen 


The closest of the pattern stars that make 

up Lyra is the also one of the brightest stars 

in the night sky. Vega is relatively close at 25 
light-years, with the rest of the pattern stars all 
over 100 light-years distant. The most distant 
of the pattern stars is Eta Lyrae, which is nearly 


1,400 light-years from Earth. 


Earth 


sc c_L a __—+¥_—_———__ Distance 2X] 


Eta (n) 


es R Lyrae 300 light-years & 


— > Vega (a) 25 light-years 
——-—@ Kappa (x) 250 light-years 


' Sheliak (8) 960 light-years 


LYRA 


Sheliak 
2,960 Suns 


KEY DATA 


Size ranking 52 


Brightest stars Vega (a) 
0.0, Sulafat (y) 3.3 


Highest in sky at 10pm 
July-August 


MAIN STARS 

Vega Alpha (a) Lyrae 

Blue-white main sequence 

= 25 light-years 
Sheliak Beta (f) Lyrae 

Blue-white giant; eclipsing binary 

205 3.3-4.4 => 960 light-years 
Sulafat Gamma (y) Lyrae 
Blue-white giant 

© 620 light-years 
Delta’ (5) Lyrae 

Blue-white main sequence 

©» 990 light-years 


Delta? (57) Lyrae 
Red giant 


Epsilon’ (e') Lyrae 
Blue-white main sequence 


= 160 light-years 
Epsilon? (e7) Lyrae 

Blue-white main sequence 

Jet 4.6 ¢=> 155 light-years 
Zeta (C) Lyrae 

Blue-white main sequence 

= 155 light-years 
R Lyrae 

Red giant variable 

2e53.9-5.0 <=> 300 light-years 
RR Lyrae 

White giant variable 

Se 71-8.1 <> 940 light-years 


DEEP-SKY OBJECTS 


M56 
Globular cluster, 8th magnitude 


M57 (Ring Nebula) 
Planetary nebula, 9th magnitude 


NGC 6745 
Pair of colliding galaxies 


121 


RING NEBULA 


'1| True colors 

This Hubble Space Telescope image shows a 
composite view of the Ring Nebula. It combines 
images taken through filters, to isolate various 
elements. The deep blue is very hot helium, 

the blue-green is the glow of oxygen, and the 
orange and red indicates nitrogen. Ultraviolet 
light from the star energizes the gas, making the 
elements “light up’ at different distances from 
the star due to temperature changes. 


Outer shells 


The Ring Nebula gets its name from its ringlike 
appearance. But in 2005 this Spitzer Space 
Telescope image showed that it is more 
flowerlike, with outer shells of material beyond 
the ring. Spitzer recorded infrared light from 

the shells’ hydrogen molecules, unseen in visible 
light. This outer material was expelled by the 
central star during the early stages of its 
evolution into a planetary nebula. 


Captured on film 


This image shows the Ring Nebula as captured 
on film in 1973, nearly 200 years after it was 
discovered. The nebula was discovered in 1779, 
independently by French astronomers Antoine 
Darquier de Pellepoix and Charles Messier. 

The picture was taken using the 13 ft (4m) 
telescope at Kitt Peak National Observatory, 
Arizona. Astronomical images were not 
routinely recorded digitally for another decade. 


4 | False-color details 

Taken three decades after picture 3 (above), this 
view of the Ring Nebula was also recorded at 
Kitt Peak National Observatory, this time using 
the 114ft (3.5-meter) telescope. It combines 
separate images taken through different colored 
filters. A red one highlights hydrogen and 
nitrogen, and a green one isolates oxygen. The 
use of these filters helps bring out greater detail 
in the nebula’s shells. 


Shape and structure 

The nebula’s shape is more complicated than 
appears at first glance. Its overall shape is similar 
to that of a barrel, appearing round because 
the “barrel” is positioned end-on to us (see 
p.120). Its blue center is in the shape of a 
football and this protrudes out of opposite sides 
of an orange-red doughnut ring of material. 
Dark knots of dense gas are embedded on the 
inner edge of the rim. 


6 | Dying star 

Data from telescopes based in space and on 
the ground combine to give a complete picture 
of the Ring Nebula. The tiny white dot at the 
center is a white dwarf, the central remains of 
the star that blew off the surrounding material 
thousands of years ago. The nebula's ring shape 
is just under one light-year across, and the 
whole nebula is getting larger, expanding at 
43,000 miles (69,000 km) per hour. 
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LUMINOSITIES | Mu Cygni Gienah Delta Cygni 
7 Suns 44 Suns 160 Suns 


Deneb (a Cygni) 

The brightest star in Cygnus, 

Deneb forms one corner of the 

so-called Summer Triangle of 

Dra Co stars in northern skies. Lying 
1,400 light-years from us, 

Deneb is the most distant 
of all first-magnitude stars 


NGC 6946 Dy 


M39 

This large, 
triangular-shaped 
open cluster of 
stars can be seen 
through binoculars 


Sadr (y Cygni) 

The second-brightest 
Star in the constellation, 
Sadr gets its name from 
the Arabic for “breast” 


= t 


: ay; 
2 Giese 


° : Yi A ae 
30 Bs ZA 
ae | Ae a am NGC Se : 
ae a — = LEZ A 
~~ SSE 
V 
Ip Cc U I a iS 


Cygnus X-1 

This was the first Albireo (6 Cygni) 
black hole to have its A beautiful double star, 
existence confirmed. consisting of orange 
Cygnus X-1 is a strong and blue-green stars, 


source of X-rays, but Albireo is divisible with 
is not visible in optical small telescopes and 
wavelengths. Visible even binoculars 

at this location is a 

blue supergiant 


Albireo 
930 Suns 


CYGNUS 


CYGNUS 125 


Sadr 
35,250 Suns 


SOMETIMES REFERRED TO AS THE NORTHERN CROSS BECAUSE OF 

ITS DISTINCTIVE SHAPE, CYGNUS IS PROMINENT IN NORTHERN SKIES. 
THE MILKY WAY'S HAZY BAND RUNS THROUGH IT, DIVIDED INTO TWO 
STREAMS BY THE CYGNUS RIFT—A DARK LANE OF DUST AND GAS. 


Cygnus is an ancient Greek constellation 
representing a swan. Myths tell how the god Zeus 
turned himself into a swan to pursue the beautiful 
Queen Leda of Sparta, and the constellation 
commemorates his disguise. Deneb, the brightest 
star in Cygnus, lies in the swan’s tail, while the 
birds long neck extends along the Milky Way to 
the star Albireo, a true binary star (see pp.40-41) 
that marks its beak. Other stars suggest the swan's 
outstretched wings. 


Near Deneb lies a cloud of glowing gas named the 
North America Nebula, since it looks very much 
like that continent in shape. Difficult to see with 
smaller instruments, the nebula shows up best 

on long-exposure photographs. 

Between Epsilon Cygni and the border with 
Vulpecula lies NGC 6992, another nebula best seen 
on photographs. Known as the Cygnus Loop or Veil 
Nebula, it is the remains of a star that exploded some 
5,000 years ago. 


<1 Egg Nebula A Cygnus A 

Starlight shining through thin One of the strongest radio 
shells of dust creates beautiful sources in the sky, this galaxy 
patterns in this color-enhanced has a central supermassive 
Hubble Space Telescope image black hole, from which jets of 
of the planetary nebula. A thicker gas (colored red) are thrown 
inner dust belt blocks out light out. Hot X-ray-emitting gas 
from the central star. is shown in blue. 


About 6,000 light-years from Earth, 
Cygnus X-1 is a black hole that orbits 
a blue supergiant every 5.6 days 


> Star distances 

The constellation of Cygnus is the 16th-largest 

constellation and spans vast distances in space 
when the distances to its pattern stars are taken 
into account. The tail (Deneb) of the Swan is 


over 1,000 light-years from its beak (Albireo). 
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7 7 " : —— ———e 
Sadr, in its chest, is further away still. Earth = 


9 Kappa (x) 125 light-years 


Deneb 
51,620 Suns 


KEY DATA 


Size ranking 16 


Brightest stars Deneb (a) 
1.25, Sadr (y) 2.2 


Highest in sky at 10pm 
August-September 


Fully visible 58°N—83°S CHART 4 


MAIN STARS 


Deneb Alpha (a) Cygni 
Blue-white supergiant; brightest star in Cygnus 


3851.25 <p 1,400 light-years 


Albireo Beta (6) Cygni 
Wide double star; colours are orange and blue-green 


als 


2°s 3.1,5.1 «> 400 light-years 


ON 


Sadr Gamma (y) Cygni 
White supergiant in the middle of the northern cross 


sez 29 «= 1,800 light-years 


Delta (5) Cygni 
Binary star; period 920 years 


285 2.8 => 165 light-years 


Gienah Epsilon (e) Cygni 
Orange giant 


2es) 2.5 €® 73 light-years 


Zeta (d) Cygni 
Yellow giant; spectroscopic binary 


eae 3.2 = 146 light-years 


Mu (u) Cygni 
Binary Star; period 790 years 
3054.5 «=> 720 light-years 


DEEP-SKY OBJECTS 


M39 
Open cluster of around 30 stars 


NGC 6826 (Blinking Planetary) 
Planetary nebula 


NGC 6992 (Cygnus Loop / Veil Nebula) 
supernova remnant 


NGC 7000 (North America Nebula) 
Emission nebula 


_.. Epsilon (e) 73 light-years 


“—e Zeta (Z) 145 light-years 


Cygnus X-1 
X-ray binary system containing a black hole 
Egg Nebula 
Planetary nebula 
Cygnus A 
Radio galaxy 
Deneb (a) 1,400 light-years 
Sadr (y) 
— 1,800 light-years 


—— 


Distance 
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s @ 
LUMINOSITIES Upsilon Andromedae Delta Andromedae Alpheratz 


4 Suns 45 Suns 115 Suns 
NGC 891 
A dark lane of dust lies in the plane 
of this edge-on spiral galaxy, which 
== 4 | ] = a aN =, * = Y yy : = a a D> a F 


lies 30 million light-years away 
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ANDROMEDA LIES NEXT TO ONE CORNER OF THE 
SQUARE OF PEGASUS. THIS CONSTELLATION CONTAINS 
THE NEAREST LARGE GALAXY TO THE MILKY WAY, 

A VAST SPIRAL KNOWN AS M31. 


Andromeda was a mythical princess, the daughter of Queen | 
Cassiopeia and King Cepheus. In one of the best known 
Greek myths, the gods ordered Andromeda to be sacrificed | cm 
to the sea monster Cetus to atone for her mother's vanity, but j NGC 891 
she was rescued from the monsters jaws by the hero Perseus. “40° 
Andromeda and her rescuer are commemorated in the sky ie 
by adjoining constellations. 

The most important object in this constellation is the a 
Andromeda Galaxy, also known as M31, a huge spiral of stars <a — GR 
similar to our own Milky Way but even larger. The Andromeda ; 
Galaxy is just visible to the unaided eye on clear, dark nights 


near the star Nu Andromedae. It is easy to see with binoculars 
Almach (y' Andromedae) 


ora small telescope, appearing as an elongated smudge. This pair of orange and blue 
Lying 2.5 million light-years away, M31 is the most distant Stars, of magnitudes 2.3 and 
_ 4.8, can be seen separately we 
object visible to the naked eye. through small telescopes SZ 


Upsilon (v) 
Andromedae 

This was the first star 
found to be orbited by 
more than one planet. 
Four planets are now 
known in its system 


<| M31 

The great spiral M31 is tilted at 
an angle to us, so that it appears 
elliptical. Two smaller companion 
galaxies are also visible in this 
picture—M110 below it and M32 
on its upper edge. 


A NGC 7662 


Popularly known as the Blue Snowball, this 
9th-magnitude planetary nebula appears as 
an elliptical blue-green patch through small 
telescopes. Photographs reveal the central star. 


| a Phi () 
> Star distances — 700 light-years 


The nearest of Andromeda’s pattern stars is 
Upsilon (vu) Andromedae at 44 light-years away. 
The brightest star, Alpheraz (a Andromedae) is 
just over twice that distance, at 97 light-years 
away. The most distant pattern star is Phi, 
which is about 700 light-years from Earth. 


~~ -~@ Theta (0) 310 light-years 


Alpheraz (a) 97 light-years 


“® Zeta (Z) 190 light-years 


5 Distance A 


ANDROMEDA 127 


Pi Andromedae Omicron Andromedae 7 Almach 
7,830 Suns 


Mirach 
475 Suns 540 Suns 7,380 Suns 


KEY DATA 


Size ranking 19 


Brightest stars Alpheratz (a) 
2.1, Mirach () 2.1 
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Omicron (o) Andromedae Highest in sky at 10pm 
Studies have shown that October"November 
the components of this Fully visible 90°N-7°S CHART 3 


binary are binaries sdudianmyoehdanddedecadsobenenwacedesehousdtinmsontease lea te 
themselves, making it a 


quad-star system MAIN STARS 
Alpheratz Alpha (a) Andromedae 
Blue-white star; also known as Sirrah 


AN 


M31 
The Andromeda Galaxy and its 
‘ companions appear in the sky 
Ca Ssiope} - near the star Nu (v) Andromedae, 
but in reality they are nearly 
2 million light-years farther away 


set 2.1 «=> 97 light-years 
Mirach Beta (8) Andromedae 

Red giant 

ses 2.1 => 200 light-years 


Almach Gamma (y') Andromedae 
Double star for small telescopes; also called Almaak 


205.2.3,5.8  ¢=> 360 light-years 


N Delta (5) Andromedae 
Orange giant 
Jet 3.3 «=> 105 light-years 


Omicron (o) Andromedae 
Blue-white giant 
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\) <> M110 
<* M31 
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ats Vi. \\\\! Nis 7 als F 
GYHyi \ . |S 3 3.6 = 700 light-years 
wu Pe ee a ee ee Suncare reine 
; AW \ Z SX, Pi (1) Andromedae 
WY AW | fo S | Double star for small telescopes 
; \ d Se als ' 
\ \ yz 38 4.3,9.0 = 600 light-years 
S \\\ ‘Z I 
AS Yj Z, ' 
GAA XN ZY FZ Upsilon (vu) Andromedae 
SII oo. Y oF Yellow-white main-sequence star with planets 
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ES \\ Zy 
7 Z M31 
= Large spiral galaxy 2.5 million light-years away 
7 M32 
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i AN = M110 
Mh) rN SX a Small elliptical galaxy; companion of M31 
: | NO ab NGC 752 
= 2 | A 30° 8 - \ Large open cluster visible with binoculars 
= \ AS : AW) Y & by ol NGC 891 
: WN NE me Edae- iral gal 
Wien, mf) eel Alpheratz(a Andromedae) ee d palate cout a I aa ae ca toe 
ere” | sO EU Cee NGC 7662 
IS Alpneralz. VWvVI Ifacn, | lar| he BI ball 
itis the joint-brightest star ee AU AMA Ae LE Ae CU 
: in the constellation, at 
R | magnitude 2.1 
—"e v; Ee . b) ae 
Te : wl Wi 17 [ 
’ Wii////jjf “Nth | 
\ | In a few billion years time, the Milky 


> NE Way and the Andromeda Galaxy 
_ 4 will collide and merge to create 
== a super-galaxy 
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THOUGH THIS ELONGATED TRIANGLE IS DRAWN AROUND 
THREE INSIGNIFICANT STARS, IT IS EASY TO SPOT BECAUSE OF 
ITS COMPACT SIZE. THE NEARBY SPIRAL GALAXY M33 IS THIS 
NORTHERN CONSTELLATION’S FINEST SIGHT. 


More than 2,000 years ago this three-sided star pattern was imagined 
variously as the Greek capital letter Delta, the Nile river delta, and the island 
of Sicily. A fourth option—an isosceles triangle—prevailed and this is how the 
constellation is seen today. It is home to the spiral galaxy M33, better known as 
the Triangulum Galaxy. It is the third-largest member of our Local Group of 
galaxies and, at 2.7 million light-years away, is one of the closest. 


KEY DATA 


Size ranking 78 


euladie Sive (gids iaigncded vida saauaaaanacdean eases anenaieweds / — 2, 
Brightest stars Beta () rah 
3.0, Alpha (a) 3.4 Ls 
Sedesiectie cash tbe wethaos pate caer dena be reat 
Genitive Triangul Me ee pe 
Ieestateesiadiees coheed pana a oe | ri (™ 
Abbreviation Ti eee inp 
Highest in sky at 10pm ee 
Genes ae Vea an czg/ Beta (6) Trianguli 
Ge ele ee At magnitude 3.0 this 
Fully visible 90°N—52°S CHART 3 is the brightest star in 
Shayav aba arse SG se ace e sene,Bya-ote tape ahay aya “ae aves veces aichore gusyaueraysaiey ate emyavaaiarauansiaee Triangulum. It iS | white 
Star about four times 
MAIN STARS the width of the Sun 
Alpha (a) Trianguli 
White giant or subgiant 
tet 3.4 «=> 63 light-years 
Beta (6) Trianguli 
White subgiant & 
Jet 3.0 => 130 light-years - 
Gamma (y) Trianguli. = 
White main-sequence star 
3e5 4.0 = 112 light-years 
6 Trianguli 
Yellow giant, and a double star 
305 5.0 «=> 290 light-years 
R Trianguli 
Red giant star, also a variable star 
Zot 6.8 «=> 960 light-years 
DEEP-SKY OBJECTS 
M33 (Triangulum Galaxy) 
spiral galaxy, also known as NGC 598 
NGC 604 
star-formation nebula in M33 
daca nae eee reveals 
_Barred spiral galaxy aa aaa that this giant star of 
NGC 925 magnitude 5.0 has a 


companion, a 7th-magnitude 


Barred spiral galaxy white main-sequence star 


A NGC 604 

The huge billowing cloud of hydrogen 

in M33 is 1,500 light-years across and a 
center of star formation. Its red glow is a 
product of the ultraviolet energy released 
by hundreds of young, bright stars. 


> M33 

Galaxy M33 lies almost face-on to Earth 
and its arms are, in fact, a series of 
separate patches. The galaxy is one of the 
most distant objects visible to the naked 
eye, as long as conditions are good. 


LACERTA 129 


LACERTA 


A SMALL, OBSCURE CONSTELLATION, LACERTA HAS A ZIGZAG PATTERN THAT 
RESEMBLES A SCURRYING LIZARD. IT LIES IN THE NORTHERN PATH OF THE 
MILKY WAY, SANDWICHED BETWEEN THE CONSTELLATIONS OF ANDROMEDA 
AND CYGNUS. ITS MAIN STARS ARE IN THE REPTILE’S HEAD. 


Lacerta was named in 1687 when the Polish 
astronomer Johannes Hevelius first described it. 
It was one of 11 new constellations he devised 

to fill gaps in the northern sky; seven of these are 
still in use today. Lacerta’s stars are faint and none 
have names, but it has been the site of occasional 
nova explosions. Among the constellation's dense 


Milky Way star clouds are few significant deep- 
sky objects. However, one object of note is 

BL Lacertae, the prototype of a strange class of 
galaxy with active nuclei, known as B Lac objects 
or blazars. These are a type of quasar that emit 
energetic jets directly toward Earth, giving 

them the appearance of a star. 


The lizard’s nose is 
marked by a yellow giant 
star of magnitude 4.4 and 
thought to be 10 times 
the size of the Sun 
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NGC 7243 
A loose cluster of young 
Stars that shine with a 
combined magnitude of 
6.4. NGC 7243 can be 
seen with binoculars 
Alpha (cx) Lacertae under a dark Sky 
A main-sequence star 
about twice the diameter 
of the Sun and 27 times 
as luminous. It is an 
optical double star visible 
through telescopes 


BL Lacertae 

This blazar is a distant 
elliptical galaxy with a 
supermassive black 
hole at its core. It varies 
in brightness between 
magnitudes 12 and 16 


KEY DATA 


Size ranking 68 _ = 
Brightest stars Alpha (a) P aU, f hy ‘ 
3.8, 1 Lacertae 4.1 If SV 7 


Highest in sky at 10pm 
september—October 


Fully visible 90°N-33°S CHART 3 


MAIN STARS 


Alpha (a) Lacertae 
Blue-white main-sequence star 


Jet 3.8 = 103 light-years 
Beta (6) Lacertae 

Yellow giant 

e244 = 170 light-years 
1 Lacertae 


Orange giant 
fet 4.1 ¢=> 621 light-years 


DEEP-SKY OBJECTS 


NGC 7243 
Open star cluster 


BL Lacertae 
Blazar and the prototype of B Lac objects 


°"Pawoipuy 


A NGC 7243 

This group of blue-white stars is about 2,800 
light-years away. The young blue-white stars stand 
out against a rich starfield of yellow and red stars. 
Seen through a small telescope, there are about 120 
stars spread across an area equal to that of the Full 
Moon. Their loose scattering has made it uncertain 
whether or not they form a true star cluster. 
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LUMINOSITIES | 16 Persei Algol ©... Persei 


25 Suns 95 Suns 330 Suns 


Brightest stars Mirphak (a) 
1.8, Algol (8) 2.1-3.4 


PERSEUS IS A PROMINENT CONSTELLATION OF THE NORTHERN SKY. IT LIES ‘ile bees oe A STAR 
ovember—Vecempder 
IN THE MILKY WAY BETWEEN ANDROMEDA AND AURIGA, NORTH OF TAURUS ” Fully visible 68°Nc83°S canEre 
THE BULL. PERSEUS FEATURES A TWIN CLUSTER OF STARS ANDAFAMOUS 2=———~—~—~—Oisi ities 
VARIABLE STAR, ALGOL. MAIN STARS 
In Greek myth, Perseus was sent to bring back the _— Perseus is represented holding Medusa's severed ae ine he stiveraiant 
head of Medusa the Gorgon, whose gaze turned head, marked by the variable star Algol in his left 318 ¢=> 500 light-years 
people tewione Mecano Meducasnead ane Fiala loalise binanyeiny niches he teinter cer ree ee 
was returning home with it when he saw Princess eclipses the brighter one every 2.9 days, causing An eclipsing binary star with variable brightness 
Andromeda chained to a rock as a sacrifice ittofadefor1Ohours, 3 21-34 > OO light-years 
to the sea monster Cetus. Perseus killed Cetus, Perseus is the source of the annual Perseid Gamma (y) Persei 
freed Andromeda, and took her as his bride. meteor shower, which radiates from the north of ene giant | 
The constellations Perseus and Andromeda lie the constellation, near the border with Cassiopeia, __... oe oe, 
id- Delta (5) Perse 
side by side in the night sky. in mid-August each year. ete, 
' em IL 
In 1901, Nova Persei erupted to become one annie 
of the brightest stars inthe skyforseveral . 2.9 emp G4 light-years 
Zeta (C) Perse 
days before sradually fading away A blue supergiant and Perseus's third-brightest star 
i ee es 
Rho (p) Persei 
> NGC 869 and NGC 884 A variable red giant 


eS 3.3-4.0 => 310 light-years 


Known as the Double 
Cluster, these twin open 
clusters are visible to the 
naked eye as a brighter 
patch in the Milky Way 


DEEP-SKY OBJECTS 


near the border with Alpha Persei Cluster 
Cassiopeia. NGC 869 A scattered cluster of stars around Mirphak 
ise ee genes Se a A Es AB TENE Ate AS Nd A RCo 
a =e The Nova Persei remnant, also called the Firework Nebula 
7,000 light-years away. M34 
A large open cluster of about 60 stars 
M76 
A planetary nebula, Known as the Little Dumbbell 
NGC 869 and NGC 884 
Twin open clusters, known as the Double Cluster 
NGC 1499 
An emission nebula, known as the California Nebula 
Perseus A (NGC 1275) 


A supergiant elliptical galaxy 


A M76 A GK Persei 

The double-lobed shape of this planetary nebula The explosion of Nova Persei threw off a glowing 
gives it its popular name: the Little Dumbbell. shell of hot gas, resulting in the nova remnant 

At 10th magnitude, M76 is the faintest object in known as GK Persei (also sometimes called the 


Charles Messier's catalog of deep-sky objects. Firework Nebula). 


PERSEUS 


Rho Persei oS Epsilon Persei 7 Zeta Persei & Mirphak 


360 Suns 


“®™Cloparda), surrounded by a loose 
S 


NGC 1528 

An open cluster, NGC 
1528 was discovered 
in 1790 by the British 
astronomer William 
Herschel. Consisting 
of about 160 stars, 
the cluster can be 
seen with binoculars 


Zeta (C) Persei 

Lying about 750 light-years 
away, Zeta Persei is a blue 
supergiant that is about 
3,400 times more luminous 
than the Sun 


> Star distances 

At about 90 light-years away, Algol is 

the nearest of Perseus's main pattern 

stars and the nearer of the constellation’s 
two brightest stars. Mirphak is more than 
five times farther away, at 500 light-years, 
but is the brighter of the two. Xi is the most 
distant of the constellation's main pattern 
Stars, situated about 1,240 light-years away. 


2,310 Suns 3,380 Suns 


Mirphak (a Persei) 

At magnitude 1.8, 
Mirphak is the brightest 
Star in Perseus. It is 


cluster of dimmer stars 
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Perseus A~ 


————— Mirphak (c) 500 light-years 


—————@® Kappa (k) 115 light-years 
Earth ~———*> Algol (B) 90 light-years 


Zeta (CZ) 750 light-years 


i —— __—_——— Distance = <--> 


4,040 Suns 


M34 

Lying about 1,400 
light-years away, M34 
is a large open cluster 
of about 60 stars 


Algol (f Persei) 
An eclipsing binary star, 


Algol fades from magnitude 


2.1 to 3.4 for 10 hours 
every 2.9 days 


Xi () 
1,240 light-years 
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The main star 
Capella is the 
brightest naked-eye 
star with the same 
color as the Sun 


KEY DATA 


Size ranking 64 


Brightest stars 46 Leonis 
Minoris 3.8, Beta (B) 4.2 


LEO MINOR 
THE LITTLE LION 


A SMALL AND FAINT CONSTELLATION IN THE 
NORTHEN SKY REPRESENTING A LION CUB, 
LEO MINOR WAS INVENTED IN THE LATE 


Highest in sky at 10pm 
March-April 


17TH CENTURY BY JOHANNES HEVELIUS. 


Leo Minor is not one of the constellations known 

to the ancient Greeks but was introduced in 1687 by 
the Polish astronomer Johannes Hevelius. Squeezed 
into a gap between Leo and Ursa Major, it is easily 
overlooked. It has no star labeled Alpha, although 
there is a Beta. This is due to an error by the English 
astronomer Francis Baily, who omitted to label 

its brightest member, 46 Leonis Minoris, when 
cataloging its stars in 1845. The constellation’s most 
famous object is Hanny’s Voorwerp (“Hanny’s Object’ 
in Dutch), an unusual cloud of gas discovered by 
Dutch amateur astronomer Hanny van Arkel. 


46 Leonis Minoris 

The brightest star in Leo Minor; an orange 
giant with a diameter about 8.5 times that 
of the Sun and a mass of about 1.5 Suns 


Tofew esti} 


seen above it. 


> IC 2497 and Hanny's Voorwerp 
The irregular object colored 
green in this Hubble image is 
Hanny's Voorwerp, a cloud of 
gas lit up by radiation from an 
old quasar in the galaxy IC 2497 


MAIN STARS 


Beta (6) Leonis Minoris 
Yellow-orange giant 


tet 4.2 ¢= 154 light-years 


46 Leonis Minoris 
Orange giant 
Jet 3.8 ¢= 95 light-years 


DEEP-SKY OBJECTS 


IC 2497 and Hanny's Voorwerp 
Active galaxy with nearby gas cloud 


NGC 3021 
Spiral galaxy 


Beta (6) Leonis Minoris 

The 2nd-brightest star in Leo 
Minor and the only star in the 
constellation with a Greek letter 


fy, 
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AURIGA 
THE CHARIOTEER 


A LARGE AND PROMINENT 
CONSTELLATION OF THE NORTHERN 
SKY, AURIGA CONTAINS THE SIXTH- 
BRIGHTEST STAR IN THE SKY, CAPELLA. 


Auriga represents a charioteer of Greek legend, 
although the chariot itself is not part of the 
constellation. Aurigas brightest star, Capella, 
represents a goat carried by the charioteer. 
Another notable star is the white supergiant 
Epsilon Aurigae, which is an eclipsing binary 
with an exceptionally long period of 27 years. 
Three open clusters, M36, M37, and M38, can 
be seen with binoculars. All lie about 4,000 
light-years away. M37 is the largest but M36 

is the easiest to spot. The star marking the 
charioteer's right foot was once shared with 
Taurus. When borders for all the constellations 
were officially decided in 1930, this star was 
allocated to Taurus, hence its present-day 
name of Beta Tauri. 


AURIGA 133 


KEY DATA 


Size ranking 21 


| | Brightest stars Capella («.). lg 
Epsilon (e) Aurigae 0.1, Menkalinan (B) 1.9 


White supergiant eclipsed Dy nee iissessthecsessssesseeeeseeen =— 
a dark companion every 27 Genitive Aurigae : gees 
years, reducing its brightness sa Oe Hamam oe NARS igs posthccans ese ahem le b {> pa* mel 
from magnitude 2.9 to 3.8 _ Abbreviation Aur deta AER 
for more than a year Highest in sky at 10pm Nsval<9 
December—February > & 
Fully visible 90°N—30°S CHART 6 
MAIN STARS 
Capella Alpha (a) Aurigae 
IC 405 Binary of yellow and orange giants 
Also known as the Flaming tet 0.1 «=> 43 light-years 
Star Nebula, this iS visible PC eT i nea carta cas ence ete BTN OO ET POOR OE TODOS T TNO O OT TTC Te 
clearly only in images or Menkalinan Beta (f) Aurigae 
through large telescopes. In Blue-white subgiant or main-sequence star 
the nebula, the 6th-magnitude ae 119 => 81 light-years 


star AE Aurigae can be easily 
seen with binoculars 


Epsilon (e) Aurigae 
White supergiant 


Ze5 3.0 = 2,000 light-years 


Zeta (C) Aurigae 
Orange giant 


Ae ee => 790 light-years 


Eta (ny) Aurigae 
Blue-white main-sequence star 


30% 3.2 ¢=> 243 light-years 


w’ 


Wr 
NGC 2281 


~~ Fg YY Wl] iS B\ Theta (6) Aurigae 
| ee = i Z Blue-white main-sequence star 
Wi: Ws, Yj a CS 302 2.6 > 165 light-years 


3 DEEP-SKY OBJECTS 
= M36 
¢ Open cluster 


M37 


M38 


NGC 1664 
Open cluster 


NGC 2281 
Open cluster 


IC 405 (Flaming Star Nebula) 
Emission and reflection nebula 


M37 

The largest and richest of the 
three Messier star clusters in 
Auriga; it contains several 
hundred stars but all are faint 


<1 IC 405 

The hot, blue star at the left of 
this image, called AE Aurigae, 
was ejected from the region of 
the Orion Nebula about three 
million years ago. It has now 
reached this nebula in Auriga. 
As the star is passing through, 
it is lighting up the nebula 
spectacularly, giving rise to its 
popular name of the Flaming 
Star Nebula. Eventually, the 
star will move on and the 
nebula will darken. 


M36 

The smallest of the chain of three 
Messier star clusters in Auriga but 
the easiest to spot; it contains 
about 60 stars 
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LUMINOSITIES | lota Leonis Denebola 


72 Suns 15 Suns 


LEO iin 


LEO IS ALARGE CONSTELLATION OF THE ZODIAC, EASY TO 
RECOGNIZE BECAUSE OF ITS RESEMBLANCE TO A CROUCHING 
LION. A SICKLE SHAPE FORMED BY SIX STARS OUTLINES THE 
HEAD AND CHEST OF THE LION. 


Leo is said to represent the lion killed by Hercules, the strong man of 
Greek myth, as the first of his 12 labors. The Sickle, delineating the lion's 
head and chest, looks like a back-to-front question mark. At the base of 
the Sickle is Leo's brightest star, Regulus—the heart of the lion. 

In the middle of the Sickle lies Gamma Leonis, popularly known as 
Algieba. This binary has two yellow-orange giants that orbit each other 
every 550 years. A 5th-magnitude star nearby, 40 Leonis, is unrelated. 
Zeta Leonis, of 3rd magnitude, has two fainter companions visible 
through binoculars, but the three stars are not gravitationally bound. 

A number of spiral galaxies can be seen through small telescopes 
under the lion's body. Of these galaxies M65, M66, M95, and M96 
are the most prominent. 

Every November, Earth moves through a stream of particles left by the 
comet Tempel-Tuttle, and the Leonid meteors radiate from the region of 
the Sickle. Rates are usually low, but storms occasionally occur, as in 1833. 
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Denebola ° 


Shooting stars were said to : 
have fallen from the sky “like 

snowflakes” in the Leonid a 
meteor storm of 1833 galaxies, vSbIe 


through small 
telescopes, look 
elliptical because 
they are tilted 
relative to us 


> NGC 3521 

Patches of star formation give a mottled look to 
the arms of this spiral galaxy, 35 million light-years 
away. This image is from the European Southern 


Observatory’s Very Large Telescope in Chile. 58 
1g 
VY NGC 3808 and NGC 3808A 
Two spiral galaxies intertwine in this image from 
the Hubble Space Telescope. Stars, gas, and dust = 
flow from NGC 3808 (right) and coil around its 0° S 
smaller companion, NGC 3808A (seen edge-on). GS 
Uv 
87 61 


——______@ 
Ped 


Regulus Epsilon Leonis 
147 Suns J20 OUNS 


The Sickle 

An easily identified 
pattern of stars 
resembling a reversed 
question mark, the 
Sickle outlines the head 
and chest of the lion 


Eta Leonis 
5346 Suns 


KEY DATA 


Size ranking 12 


Brightest stars Alpha (a) 
1.4, Beta (6) 2.1 


LEO 


135 


Highest in sky at 10pm 
March-April 


Algieba (y Leonis) 
A small telescope can MAIN STARS 
divide the two stars 


of this binary, which Regulus Alpha (a) Leonis 


have magnitudes of 2.4 Blue-white subgiant 
and 3.6. The nearby Ze 1.4 «=> 79 light-years 
AO Leonis, magnitude sia ta 
4.8, is unrelated Denebola Beta (3) Leonis 
Blue-white main sequence 
sec 24 => 36 light-years 


Algieba Gamma (y) Leonis. 
Orange giant 


Te 2.4 => 130 light-years 


Zosma Delta (6) Leonis 
Blue-white subgiant 


Regulus (c Leonis) Kes = 58 light-years 
Regulus is the brightest star -—«§«—< FB paHpernnemenrerenensnesnnrsnernnnnenenneUEnCD IOSD Ente ONT Son On 
in the constellation. Small Epsilon (e) Leonis 
telescopes or binoculars Yellow giant 
show a wide companion | 
of 8th magnitude set 3.0 «= 250 light-years 


Chertan Theta (8) Leonis 
Blue-white subgiant 


oe ¢=> 165 light-years 
Adhafera Zeta (2) Leonis 

White giant 

te 3.4 ¢=> 275 light-years 


DEEP-SKY OBJECTS 


M65, M66, NGC 3628 
Trio of spiral galaxies, 35 million light-years away 
\\ M95, M96 
IX ae : : Te : 
\ v2 Salelacteniss cou eo lien iui 
aaa ) a M105 
eonis © a 
This red giant variable _biliptical galaxy sesiaeeasiieiededeeadiiescsiadian Duemiaidaaaseats abcacaameicateiae 
retween ath and 1th nee 
etween 4th an 
magnitudes every 310 jeUee Spel e Se 
days or so NGC 3808 
Interacting galaxies 
4 Si 
> Star distances 
The nearest of the 
constellation’s pattern stars, 
Denebola, is only 36 light- —_———® Lambda (A) 330 light-years 
Rho, is about 5,400 light-years —_ Earth e Denebola (8) 36 light-years 
distant. Despite its great 
distance from Earth, Rho na 
Leonis remains visible to the * . 
naked eye at magnitude 3.9. Sigma (0) 220 light-years Rho (p) 
It is a supergiant with a radius 9,400 light-years 
an about 37 times that of our Sun. B 


Distance =A AAMAS 
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LUMINOSITIES | Zavijava Porrima 


4 Suns 70 Suns 


10° 
Bootes 


A Sombrero Galaxy \ 
Also known as M104, this edge-on spiral galaxy \ = 
resembles a sombrero hat, its brim edged by a \ 

dark lane of dust. Situated on the border with 

the constellation Corvus, the Sombrero Galaxy \ 109 
is about 30 million light-years away. ' 


\ 0° 15h 


VIRGO IS THE LARGEST CONSTELLATION IN THE ZODIAC, AND U 

ALSO THE SECOND LARGEST IN THE ENTIRE SKY. IT CONTAINS \ 
THE MAJOR CLUSTER OF GALAXIES CLOSEST TO US, AS WELL 

AS THE BRIGHTEST QUASAR. 


Virgo had several identities in ancient Greek mythology. In one story, 

she represented Demeter, the corn goddess, and was depicted as 
holding an ear of grain marked by the constellation’s brightest star, Spica. 
Usually, though, she was equated with Dike, the goddess of justice, and 


the adjoining constellation Libra was visualized as her scales of justice. Virgo’s M Q7/ 1S 
The constellation is shaped like a sloping letter Y, with Spica at the 


base. In the bowl of the Y is situated the Virgo Cluster, some 55 million One of the most 
light-years away. This cluster of galaxies has more than 2,000 members, ° ] ] 
the brightest of which can be seen through a small telescope. So large MaSSIve 10Ca 


is the cluster that it spills over Virgo's northern border into the adjacent ; | 
constellation of Coma Berenices. At the heart of the Virgo Cluster is the galaxies, with 


giant elliptical galaxy M87. The brightest quasar (see pp.60-61) as seen amass of almost 
from Earth, 3C 273, also lies in Virgo but is over 50 times farther away 


than the Virgo Cluster. 3 trillion Suns 


7) -10° 
Ji 


% 


> Star distances 

The nearest of Virgo’s pattern s<:ailibiEpsiion (e)/110 lightyears 
stars is Zavijava (B Virginis) el 
at 36 light-years away. The SaaS Nu (v) 
brightest star, Spica (a Virginis), —<—_— ae. I 1,170 light-years 
is much more distant, at about Earth SS + —2@ Peta (B) 36 light-years -@ 


-20° 


a 


250 light-years away. The most —=— es | 44h 
distant pattern star is Nu (v) = ~~~» Theta (0) 316 light-years 


—— 


Virginis, which is about 1,170 ae 


light-years from Earth. ~ » Alpha (0) 250 light-years 


< Distance <A 
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Vindemiatrix Delta Virginis Spica 
70 Suns 140 Suns 2,070 Suns 


M87 
Co ma This giant elliptical galaxy is probably the KEY DATA 
B e easiest member of the Virgo Cluster to see : : 
Cn; Size ranking 2 
Nie with asmall telescope. Ithasacentral black ee ec cccccceeseee 
Cs hole, the radio-wave source known as Virgo A Brightest stars Spica (a) 


1.0, Porrima (y) 2.7 


Highest in sky at 10pm 
3C 273 April-June 
Situated about 2.5 billion Fully visible 67°N—75°S CHART 5 


TGMEVEGIS GWA OG 270: tien els chee Gacceeccanutin 
was the first quasar to be 


identified (in the late MAIN STARS 


1950s) and the brightest 
as seen from Earth Spica Alpha (a) Virginis 
Blue-white giant binary with a period of about 4 days 


Is 1.0 «=> 250 light-years 


. Zavijava Beta (8) Virginis 
White main-sequence star 


\ oe WS ' ~\ Se Qi: ~S SS)! ee = \Y% SS 305 3.6 = 36 light-years 


—— 


——_———_- + 


Porrima Gamma (vy) Virginis 
Binary visible with a small telescope; period 169 years 


ee ae "A AVA Ao Mie. ae: 305 2.7 => 38 light-years 
ST HHH Y/N GG Delta (6) Virginis 
HLTH - fC Red giant 
a8- 34 => 200 light-years 
Vindemiatrix Epsilon (e) Virginis 
Yellow giant 
305 2.8 «=> 110 light-years 


DEEP-SKY OBJECTS 


M49 
Elliptical galaxy in the Virgo Cluster 


M58 


sf ai ihioi le Games \\ SL ISSN SSS AA | 

AS ROMO ED Sa ide er 

Wit pj / SSS Wan \\ Saag (ih = Ss. ) \ Elliptical galaxy in the Virgo Cluster 
Yi “yy : sown ’ SS = SS 


SS The : 
> —— ’ M60 


a 


\\\h | M61 
\) f Spiral galaxy in the Virgo Cluster 
aft i 
ss Elisa galt iho Stig CWS 
=_ M86 
Elliptical galaxy in the Virgo Cluster 
. M87 
2 Giant elliptical galaxy in the Virgo Cluster 
M90 
. Spiral galaxy in the Virgo Cluster 
a e canaennannnnacannnntannannanannnanenantinuunnananeauansanassonastannssennnannnnses 
Sombrero Galaxy (M104) 
Edge-on spiral galaxy 
Spica (a Virginis) PorimatyViriiis) en 
The brightest star in the The two components of this 3 273 | | 
constellation, Spica is double star orbit each other The optically brightest quasar in the sky 
achially a binary whose every 169 years. They can | ttre terreno terrasse onnttaaraicirmratin 
. individual stars are so be seen separately through 
close together that they a small telescope 
distort each other’s shape 
ae = — — vo i ) 
ten, —_— ell A 
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KEY DATA 


Size ranking 42 


Brightest stars Beta (f) 
4.2, Diadem (a) 4.3 


COMA BERENICES 
BERENICE'S HAIR 


NAMED AFTER THE ANCIENT EGYPTIAN QUEEN BERENICES Il, 
COMA BERENICES IS EASILY LOCATED BETWEEN THE MORE 
PROMINENT CONSTELLATIONS OF LEO AND BOOTES. IT 
CONTAINS CLUSTERS OF BOTH STARS AND GALAXIES. 


Highest in sky at 10pm 
April-May 


MAIN STARS 


Diadem Alpha (a) Comae Berenices 


Considered part of Leo until 1536, Coma Berenices was first shown | | 
i iicrecreaol ae Bcc cancecaiscapher Cocoa: A M64 Binary star consisting of two main-sequence stars 
as a separate conste ie ue 8 Y Bae P The brightest galaxy in Coma Berenices,M64 =e 4.3 = 98 light-years 
Vopel. The constellation has no stars brighter than 4th magnitude, but is nicknamed the Black Eye Galaxy because ecmiancemee ence Gea eine y 
_ of the lane of dark dust near its bright core. 
plenty of interesting deep-sky objects. Galaxies such as M85, M88, M99, esi milenineen one aa Yellow main-sequence star 
and M100 near the southern border with Virgo are part of the Virgo dec 4.2 > 30 light-years 
Cluster about 50 million light-years away. Others belong to the Coma Gamma (y) Comae Berenices 
Cluster, which is six times more distant. Melotte 111 is one of the closest NGC 4565 Orange giant 
open star clusters: more than 20 of its stars are visible to the naked eye. mpi oaleNy eee oo . 
on. Commonly called the 
Needle Galaxy because of FS Comae Berenices 
Cane sy its long, thin appearance Red giant and semiregular variable star 
305 5.6 => 736 light-years 


DEEP-SKY OBJECTS 


Melotte 111 (Coma Star Cluster) 
Open cluster 


M53 (NGC 5024) 
KS Globular cluster 
S =f M64. (Black Eye Galaxy, NGC 4826) 
‘N Spiral galaxy 
AS ci M85 (NGC 4382) 
; = = _ Melotte 111 Lenticular galaxy 
# : = = By a a ad 
© IP ERE FS } M88 (NGC 4501) 
. See SS Spiral galaxy 
: "es & x eens scssssesssssnnceeeeennnennesesssnsnnnnnnnnsntntnntnnnnnnnnnnnnseeeeeeeeeeenececeeeesensesseeeet 
a Ss X% M91 (NGC 4548) 
— eS: Barred spiral galaxy 
| 20° cee ae etntennntnnnenninnintnsnintaininnenininesniunii 
2 FFL GS © M99 (NGC 4254) 
oe At FF 5 HE. Spiral GaN nnn 
4S HRS M100 (NGC 4321) 
as °7i SE Spiral galaxy 
a te AES oS NGC 4565 (Needle Galaxy) 
| ee FIO Bae Spiral galaxy 
M53. =: ose ccessctcseesstesstnsetnsetneesstensetnsetnsetseeisersetesetnsetsseisins 
I 
L C () MW M85 M85 
A lenticular galaxy about 125,000 
light-years wide and 60 million 
light-years from Earth 
18h) 
FS Comae Berenices as Ss 
A red giant that is also a NCG 4634 <>" M100 
semiregular variable. It a= 
changes in brightness Mo1 <=" M88 - 


M98 

A spiral galaxy seen nearly 
edge-on, 44 million light-years 
away. Part of the Virgo Cluster 
and discovered in 1791 on the 
same day as M99 and M100 


between magnitude 5.3 
and 6.1 in a 58-day cycle 


OCs 


LIBRA 139 


<1 NGC 5897 

Unlike other globular 
clusters, NGC 5897 
does not have a dense 
nucleus where stars are 
increasingly squashed 
together. It brightens 
only gradually toward 
its center. 


LIBRA 
THE SCALES 


OCCUPYING AN AREA OF SKY ONCE SEEN AS PART OF 
SCORPIUS, LIBRA REPRESENTS THE SCALES OF JUSTICE. 
IT IS THE LEAST CONSPICUOUS ZODIAC CONSTELLATION 
AND THE ONLY ONE TO DEPICT AN INANIMATE OBJECT. 


The ancient Greeks called this part of the sky Chelae Scorpionis, 
the scorpions claws, but by the 5th century Bce, the Romans were 
describing it as a balance. Today, Libra is characterized as the scales 
of justice held aloft by neighboring Virgo. The names of its 
brightest stars reflect Libra’s past: Zubenelgenubi is Arabic for 
southern claw, and Zubeneschamali, northern claw. 

Lying just south of the celestial equator, the faint constellation 
of Libra is best found by locating its brighter neighbors. Libra's 
variable star Delta changes between the 5th and 6th magnitudes 
in a 2-day, 8-hour cycle, and lota is a multiple star. 


Zubeneschamali (6 Librae) 

A white main-sequence star and 

Z Libra’s brightest. Some see a greenish 
os tinge when viewing the star through 
mr binoculars or a telescope 
0 


KEY DATA 


Size ranking 29 


Brightest stars 
Zubeneschamali (3) 2.6, 
Zubenelgenubi (ct) 2.8 


NCG 5897 


MAIN STARS 


Zubenelgenubi Alpha (a) Librae 
Double star 


Zubeneschamali Beta (6) Librae 
White main-sequence star 


Si = 185 light-years 


Gamma (y) Librae 
Orange giant 


ze> 3.9 © 163 light-years 


NGC 5897 

At magnitude 8.6, this 
globular cluster is visible 
only through a telescope. 
Discovered by William 


me | Zubenelgenubi (a Librae) 
Herschel in 1785, it is w GZ | A bright double star, consisting 
45,000 light-years away of a blue-white giant, magnitude 
2.8, and a white main-sequence 

star of magnitude 5.2 


DEEP-SKY OBJECTS 


NGC 5897 
Globular cluster 
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LUMINOSITIES | Epsilon Scorpii > Graffias o Lesath 
40 Suns 1,265 Suns 2,260 Suns 


Antares is over 800 

times the diameter 

of the Sun, so a phone 

call would take more 

than an hour to get Teese 

from one side of it igh ery. 
when gas falls on to 


to the other refs fo 


Graffias (6 Scorpii) 
This double star, with 
magnitudes of 2.6 and 
4,9, Is easily Separated 
by small telescopes 


M6 Antares (c Scorpii) 
Also known as the Butterfly At the heart of the 
Cluster, this open cluster can scorpion is this red 
be seen with the unaided eye supergiant. It varies 
and through binoculars. Its Slightly in brightness 
brightest star is the orange by a few tenths of 
giant BM Scorpii a magnitude 


M4 
At a distance of around 
7,000 light-years, this 
is one of the closest globular 
clusters. Large but faint, it is 
most visible on dark nights 
through binoculars or a 
small telescope 


od av J 
ey Aer F) 


a 


M7 

The brightest stars in this 
large open cluster are of 
6th magnitude. Visible 

to the naked eye, M7 is 
over twice the apparent 
width of the Full Moon 


Lesath 


i 1 . 
Sndnyq 


“a 
styl) 


NGC 6388 


NGC 6231 

Just north of the wide double 
star Zeta Scorpii lies this open 
cluster, which is just visible to 
the naked eye. Its brightest stars 
can be seen through binoculars 
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Dschubba Shaula 
2,400 Suns 6,000 Suns 


SCORPIUS 


= Antares 


9.450 Suns 


KEY DATA 


Size ranking 33 


Brightest stars Antares (a) 
0.9, Shaula (A) 1.6 


Abbreviation Sco vara: 
A PROMINENT CONSTELLATION OF THE ZODIAC SOUTH OF THE nea sky at 10pm 7 if 
CELESTIAL EQUATOR, SCORPIUS IS IDENTIFIED BY ITS DISTINCTIVE * Fully visible 44°N_90°S fate 
iii eens alien 
WAY STAR FIELDS LIE HERE, TOWARD THE CENTER OF OUR GALAXY. MAIN STARS 


; , , a an a Antares Alpha (a) Scorpii 
Scorpius represents the scorpion that stung Orion —a scorpions tail. At the tail’s end is the constellations Variable red supergiant 


the Hunter to death. Myth tells how the adversaries | second-brightest star, Shaula (from the Arabic for 30% 0.9 => 550 light-years 

were placed on opposite sides of the sky so thatas —“stinger’). The tail, situated in a dense area toward “Graffias Beta(®) Scopi 
the scorpion rises, Orion sets. The constellation the Milky Way's center, is dotted with star clusters. Blue-white main sequence star 

was once also called Scorpio, but astronomers no Many of the brightest stars in Scorpius and its S26 400lightyeas 
longer use this name. adjoining constellations lie about 500 light-years 


Dschubba Delta (6) Scorpii 
oy ; ; Blue-white subgiant 
Scorpius brightest star, the red supergiant away. They are all members of an area of recent 


Sa 305 2.3 => 500 light-years 
Antares, marks the scorpions heart. An arc of Stars Star formation called the Scorpius- Centaurus Era MINA Tir RIN Lan tT AONE Moe T IR NSN Ne 
; — ae , Epsilon (¢) Scorpii 
leading south from Antares gives the impression of — Association. Antares is its brightest member. aoe i a 
3e5 2.3 = 64 light-years 
Theta (8) Scorpii 
White giant 
305 1.9 = > 300 light-years 


Shaula Lambda (A) Scorpii 
Blue-white subgiant 


30 1.6 => 570 light-years 


Lesath Upsilon (v) Scorpii 
Blue-white subgiant 


30 27 = 580 light-years 


DEEP-SKY OBJECTS 


M4 
Globular cluster 


> Star distances 

The nearest of Scorpius's main pattern stars is 
Epsilon (€) Scorpii, at 64 light-years away. The 
most distant is Zeta’ ( Z') Scorpii, at about 
2,570 light-years from Earth. (The other 


member of the double star Zeta Scorpii, Zeta’, 


is only about 130 light-years away.) Many of 
the stars in Scorpius are members of the 
Scorpius-Centaurus Association (a group of 
young stars formed at about the same time) 
and are at similar distances from Earth: about 
500 light-years away. 


M6 (Butterfly Cluster) 

Open cluster 
<I NGC 6302 A M80 M7 
NGC 6302, known as the Bug Bright red giants are identifiable Open cluster 
Nebula or Butterfly Nebula, is a by their color in this Hubble (gga 
complex planetary nebula. Gas image of the dense globular M80 
flows away from the central star —_—_cluster M80, around 28,000 ere 
in two directions, forming the light-years away. Red giants are NGC 6302 (Bug Nebula) 


“wings” seen in this image from 
the Hubble Space Telescope. 


stars like the Sun that are nearing 
the ends of their lives. 


Graffias (6) 400 light-years 


——~~~ Sigma (o) 700 light-years 


Planetary nebula, also known as the Butterfly Nebula 


lota' (1!) 1,930 light-years 


Zeta' (C’) 


es Distance 


2,0/0 light-years 


LUMINOSITIES | 
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Gamma Serpentis 
3 Suns 


SERPENS 


UNIQUELY AMONG THE CONSTELLATIONS, SERPENS 


IS DIVIDED IN TWO, WITH ITS HEAD ON ONE SIDE 
OF OPHIUCHUS AND ITS TAIL ON THE OTHER. THE 
TWO PARTS COUNT AS A SINGLE CONSTELLATION. 


Serpens represents a snake or serpent held by Ophiuchus, 
who grasps its head in his left hand and its tail in his right. 
The head section of the constellation is known as Serpens 
Caput, while the tail is Serpens Cauda. 

The constellation’s brightest star is 3rd-magnitude Alpha 
Serpentis. Its popular name, Unukalhai, is from the Arabic 
for “serpent’s neck,’ which is where it lies. In the serpents 
head is Beta Serpentis, which has a 7th-magnitude unrelated 
companion visible with binoculars. In the serpents tail is 
M16, a star cluster surrounded by the Eagle Nebula, made 
famous by the “pillars of creation’ Hubble image. Also in 
the tail, Alya (Theta Serpentis) is a 5th- magnitude double 
divisible through a small telescope. Nearby is IC 4765, an 
open cluster visible through binoculars. 


@ 


Eta Serpentis 
15 Suns 


<1 Seyfert's Sextet 

A group of galaxies that 
consists of four interacting 
galaxies and two other 
members. The small spiral 
at the center of this image 
from the Hubble Space 
Telescope is not part of the 
interaction but a background 
object in the same line of 
sight by chance. The sixth 
member is not a galaxy at all 
but a long tail of stars torn 
from one of the galaxies. 


IC 4756 


Va 


Alya (8 Serpentis) 
Pair of 5th-magnitude 
Stars easily divisible 
through a small 
telescope 


<1 Pillars of Creation 

This iconic image taken by the Hubble Space 
telescope shows columns of gas and dust in the 
Eagle Nebula. About 4 light-years tall, the pillars 
are a site of new star formation. At the same time, 
they are also being eroded by ultraviolet light from 
other hot, newborn stars nearby. 


V Hoag’s Object 

This unusual galaxy consists of a ring of hot, blue 
stars encircling a core of yellow, older stars. It is 
thought that the ring may be the remains of another 
galaxy that passed too close and was shredded. 


ir 


wnynIS 


IC 4756 

Open cluster visible 
through binoculars, 
appearing larger than the 
Full Moon. Its brightest 
Stars are of 8th magnitude 


18h 


M16 

Open cluster visible through 
binoculars and small 
telescopes; appears hazy 
because it is embedded in 
the Eagle Nebula 
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Unukalhai Delta Serpentis Kappa Serpentis 


AO Suns 130 Suns 275 Suns 
a KEY DATA 
sot Arp 220 Size ranking 23 4 
Pair of distant galaxies about 250 mah aneeacererays i iesrasa)Siaha sievanessSy5co-5to<G(oxbatNo Drahelereale Uiglare erste inte aIe AIRE oe — 
O 
3} million light-years away, in the Brightest stars Unukalhai [DX ‘ 
A process of merging. Arp 220 is | (0) 2.6, Ela fy) 35 1 
DP emitting a large amount of infrared Genitive Serpentis 
radiation due toa burst of <1 f2| Te eee veveconneeeeeverennerennecannereennten La BA 
formation from the merger Abbreviation Ser _ ieee 
R Serpentis ace eee ce Scola, 7 Gy 
: ancien WES 
Variable red giant, ranging June-August oo Co 


from 5th to 14th magnitude 
over a period of about a year 


Fully visible 74°N-64°S CHART 4 


MAIN STARS 


Unukalhai Alpha (a) Serpentis 
Orange giant 


Beta (B) Serpentis 30 2.6 «=> 74 light-years 
Through binoculars, forms a -——si“<itsi‘(sé‘i‘iésésé«CU Rn cccccneeneeennenenenenncensecesectesesessssnssnnnasnssnninnnnninnnnsntnne 
double star with 29 Serpentis, Beta (B) Serpentis 
a /th-magnitude background star Blue-white main-sequence star 
30 3.7 ¢=> 155 light-years 
Gamma (y) Serpentis 
White subgiant 
3eS 3.8 => 37 light-years 
Delta (5) Serpentis 
White subgiant 
sex 3.8 => 230 light-years 
Eta (n) Serpentis 
Orange giant 
3e5 3.3 ¢=> 60 light-years 


Alya Theta (6) Serpentis 
Pair of blue-white main-sequence stars 


302 4.6,5.0  <m 155 light-years 


R Serpentis 
Variable red giant 


3e55.2-14.4 <=> 700 light-years 


DEEP-SKY OBJECTS 


M5 
Globular cluster 


M16 


M5 : n cluster within the Eagle Nebula 

A ctcticanitiecloblak Ly b> fe SIMS WIM Ws Beene 
cluster visible through @ IC 4756 

binoculars; one of the most Open cluster 

impressive objects of iS §- iat aaa 
type visible in the northern Hoag's Object 

half of the sky Ring galaxy 


Seyfert's Sextet 
Group of galaxies 


Kappa (x) 
380 light-years 


—__——» Gamma (y) 37 light-years 


» Delta (6) 230 light-years 


Earth ———_§ 


_++$“~@ Eta (1) 60 light-years <1 Star distances 


The nearest and farthest of the main pattern 
stars are both in the head (Serpens Caput): 
Gamma (y) Serpentis, at 37 light-years from 
Earth, and Kappa (xk) Serpentis, at about 380 
light-years away. In the constellation’s tail, Eta 
. (n) Serpentis is the nearest pattern star, at 60 
Omicron (0) 175 light-years light-years away, and Omicron (0) Serpentis is 
TE SecpeTAmNT7——————oOoON™__ DiStance Be the farthest, at about 175 light-years distant. 
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; @ 
LUMINOSITIES | Rasalhague Cebalrai Sabik 


28 Suns 43 Suns 68 Suns 


wt elected 


OPHIUCHUS IS A LARGE CONSTELLATION THAT 
LIES ON THE CELESTIAL EQUATOR. IT EXTENDS 
FROM HERCULES IN THE NORTH TO SCORPIUS 
AND SAGITTARIUS IN THE SOUTH. 


KEY DATA 


Size ranking 11 


Brightest stars Rasalhague 
(a) 2.1, Sabik (y) 2.4 


Ophiuchus represents a legendary healer called Aesculapius, 


who was reputed to be able to revive the dead. In the sky, “Highest in sky at 10pm 
he is depicted holding a snake (a traditional symbol of Pan 
healing) in the form of the constellation Serpens. Pla Macrae a nates ae ewe 
Although large, the constellation is not particular! 
mena MAIN STARS 


prominent. Its brightest star is second-magnitude 
Rasalhague (Alpha Ophiuchi), which marks Ophiuchus’s 
head. Its most celebrated star is Barnard's Star, a faint 
(10th-magnitude) red dwarf a mere 5.9 light-years away. 
Ophiuchus contains numerous globular clusters, of which 


Rasalhague Alpha (a) Ophiuchi 
Blue-white giant 


02 2.4 => 49 light-years 


Cebalrai Beta (8) Ophiuchi 
Orange giant 


M10 and M12 are the easiest to see through a small A. NGC 6369 Jet 2.8 => 82 light-years 
telescope. The Sun passes through Ophiuchus in the first sa here aoe the age Space eo Delta (8) Ophiuchi 
half of December each year but it is not regarded by many eee et ied Gian 
-_ consists of a ring of gas about a light-year across, a . 
as a traditional constellation of the zodiac (see pp.92-93). illuminated by ultraviolet light from the central core. os 28 ee T/Olightyears 


Zeta (C) Ophiuchi 
Blue-white subdwart 


tet 2.6 = 365 light-years 


Sabik Eta (y) Ophiuchi 
Blue-white subdwart 


> Twin Jet Nebula 

Two lobes of shimmering gas 
stream outward at speeds 

greater than 620,000 miles per hour 


(a million km per hour) from a CHE 24 em 88lightyears 
central binary star, creating the Barnard’s Star 
butterfly-like shape seen in this Bocicwart 
Hubble Space Telescope image. 
sec 95 «= 5.9 light-years 


DEEP-SKY OBJECTS 


V Star distances 
The closest pattern star, at about Kepler’s Star 
20 light-years from Earth, is the Remains of a supernova seen in October 1604 
binary pair 36 Ophiuchi. The ATOM —“‘ié‘éisOCOCOCCC OU RBBRRRRSSSSSSESSSSESSSSSSSSSSSSS SCC CCO OCC 
distant is 67 Ophiuchi, which is M10 
60 times further away, at about Globular cluster 
1,230 light-years from Earth. M12 
Globular cluster 
NGC 6369 
67 Ophiuchi Planetary nebula, also known as the Little Ghost 
egies 
se NGC 6633 
garam ee Open cluster 
eam) _-@ Delta (8) 170 light-years IC 4665 


Open cluster 
Jeta (2) 365 light-years titties 
@ ee Pipe Nebula 


Dark nebula 


Twin Jet Nebula (Minkowski 2—9) 
Bipolar planetary nebula 


™e 


36 Ophiuchi 
20 light-years 


~ Xi (€) 600 light-years 


va Distance ? 


OPHIUCHUS 145 


= Delta Ophiuchi Zeta Ophiuchi 
r = 7195 Suns 7,060 Suns 


Her 
“Uleg IC 4665 
Large, scattered 
open cluster visible 
through binoculars 


through binoculars 


71g . 
NGC 6633 NGSa¥EN\\\ Go 8" 2 
. ST \\ Gee Zs 
Banant’s 1 € 
, SS" Cebalrai C.- CM—[—4n£, , | M120 

, oe —_— =66 RQYaZ Globular cluster of E 
My Y | : | fy <G 6th magnitude, visible Ee 
" | + =a 8 | = 
Wy, = =e 0 TL ; 


M14 


70 Ophiuchi | ||, (lll 


Binary pair of 4th- and yi Y 
6th-magnitude yellow and Ly Yyfy ) 
orange dwarfs that orbit each : Yj 
other every 88 years, divisible r \ YY HH) 
through small telescopes iff fi})') 
: : Ce \ RS : y) 
70) \ i} 
©2 \ ZF, 
- Yi 
oe G 
\ Ss 


Barnard’s Star * 1 
is moving toward vo / 
us at over 66 miles Tn TA: | 4 ‘ 
per second (100km ounce ae wm , 
per second) ( : 


Twin Jet 
Nebula 2 


— M107 
Min? '! Sabik 
M9 
‘> |fe2o 
go. Kepler’s Star , 

a S ‘ 

a 

: cS 

e& 

- oS -20° 

NGC 6369 
44 
4 p 
36 M19 

A Pipe Nebula 
Giving the appearance of a gap in the Milky Way, the 36 Ophiuchi 
Pipe Nebula is a long cloud of interstellar dust that blocks j 45 Binary pair of orange dwarf 
out light from the background stars in this area toward — Mis M62 stars divisible through 
the central bulge of our galaxy. The nebula can be made ae 17h small telescopes; orbital 
out with the naked eye on clear, dark nights. — period 470 years 
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AQUILA THE EAGLE 


iy 
THE PATTERN MADE BY THE STARS IN AQUILA CAN yn 
EASILY BE IMAGINED AS AN EAGLE SOARING IN ut Wee a Cell 
THE SKY. AQUILA IS A SPECIAL EAGLE ASSOCIATED ae eee oo: aa ‘ 
WITH THE GREEK GOD ZEUS. brightest star. An 
orange giant, which | 

One of the original 48 constellations, Aquila straddles the A alee ad 
celestial equator in a rich region of the Milky Way. Aquila bagntsials 
could be the eagle that carried Zeus's thunderbolts, or 
alternatively, it could be Zeus in the form of an eagle, which 
enabled him to carry Ganymede to Mount Olympus to 
serve the gods. The eagle appears to swoop down toward 
adjacent Aquarius, which is identified with Ganymede. 

Aquila can best be found by spotting its brightest star, 
Altair (Alpha Aquilae), whose name is Arabic for flying eagle. Altair (. Aquilae) 
It is the 12th-brightest star in the entire night sky and at only A main-sequence star 


17 light-years away, also one of the closest bright stars. With of the Sun. It also has 
Deneb (in Cygnus) and Vega (in Lyra) it forms the Summer fate arto 


Triangle of northern skies. The supergiant Eta Aquilae is one appear white In color 
of the brightest naked-eye Cepheid variables. Its magnitude 
changes from 3.5 to 4.4 in a 7.2 day cycle. 


KEY DATA 


Size ranking 22 


Brightest stars Altair (a) 
0.8, Tarazed (y) 2.7 


Highest in sky at 10pm 
July-August 


MAIN STARS 


Altair Alpha (a) Aquilae 
White main-sequence star 


= 17 light-years 


Alshain Beta (6) Aquilae 
Yellow subgiant 


= 45 light-years 


Tarazed Gamma (y) Aquilae 
Orange giant 


€® 395 light-years 


Zeta (7) Aquilae 
White main-sequence star 


> 83 light-years 


DEEP-SKY OBJECTS 


NGC 6709 


Open star cluster 


NGC 6751 


Planetary nebula 


almost twice the size 


Alshain (6 Aquilae) 

A yellow subgiant about 
three and a half times 
the size of the Sun. 
Preparing to become a 
more luminous giant 


SnrienbV 


<1] NGC 6751 

This planetary nebula, 
with a magnitude of 12.5, 
is about 6,500 light-years 
from Earth. At its center 
is a white dwarf of 
magnitude 15.5. 


SCUTUM 147 


SCUTUM THESHIELD  —etpata 


Size ranking 84 


Brightest stars Alpha (a) 


Zeta(c) Aquilae THE FIFTH-SMALLEST CONSTELLATION IN THE 3.8, Beta (B) 4.2 
A white main-sequence 7 SKY, SCUTUM LI ES IN A BRIGHT AREA OF THE Genitive Scuti visrersbesaie davceare es wibighPleve seacewis 
star marking the eagle’s ee) te ee A co eeeceeenneeteneeneseeeesescenenasi 
tail. tis about twice the = MILKY WAY BETWEEN SAGITTARIUS AND THE Raabe 
size and mass of the Sun Highest in sky at 10pm 
and 40 times its luminosity = PROMINENT STAR ALTAIR IN AQUILA. July-August 
: The constellation Scutum was defined by the Polish ui veiie a  e —_ 
NGC 6709 = astronomer Johannes Hevelius in 1684. He devised it in MAIN STAR 
a ao ear - honour of his patron, King John III Sobiesci of Poland; its aay = : S 
‘tude 6.7, this cl | a , Lo, - eet pha (a) Scuti 
pas tena : sibility by : original name being Scutum Sobiescianum sobiescis oaioeaant 
thenakedeye = Shield. Just south of the celestial equator, its brightest 52 3.8 ¢=> 199 light-years 


Sciecie onli oun umsaninienonesienamedand: | eine 
two, Delta and R Scuti are interesting variables. It is, DEEP SKY OBJECTS 
however, crossed by a bright, star-rich region of the : 
- M11 (Wild Duck Cluster, NGC 6705) 
. Milky Way. This includes the Scutum Star Cloud, the Open star cluster 
2, brightest part of the Milky Way outside Sagittarius. The Eee ae 
23 ; ; 
. Star Cloud is home to the Wild Duck Cluster, which Open star cluster 
a contains around 3,000 stars. Scutum's brightest star is Scutum Star Cloud 
= Alpha Scuti, 132 times more luminous than the Sun. ee NT eee ees 
—N 
R Scuti Beta (6) Scuti 
This orange supergiant A yellow giant of 
is a pulsating variable. It magnitude 4.2. It is 690 
changes in magnitude light-years away, 64 times 
from 4.5 to 8.8, ina the size of the Sun, and 
cycle lasting 144 days 1,760 times its luminosity 


A M11 
Also known as the Wild Duck Cluster, this relatively 
compact open cluster of about 3,000 stars lies 
approximately 6,000 light-years away. About 20 
light-years across and roughly 250 million years 
old, it is visible to the naked eye but can be seen in 
more detail with binoculars or a telescope. 


eT InbY 


S_ 
NGC 6751 


BPpneg sea 


NGC 6751 

A planetary nebula of 
magnitude 12.5 with a 
central white dwarf of 
magnitude 15.5 


Alpha (a) Scuti 

The brightest star in 
scutum, of magnitude 
3.8. This orange giant 
is about 21 times the 
width of the Sun 


M26 
A tight, open star cluster 
of magnitude 8.9. About 
5,000 light-years away, 
its stars are 90 million 
years old 


Wninas 
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VULPECULA ry 


Brightest stars Alpha (a) 


| | | L EC )X 4.5, 13 Vulpeculae 4.6 
Genitive Vulpeculae 


A FAINT NORTHERN CONSTELLATION NEAR THE HEAD OF CYGNUS, THE SWAN, Highest in sky at 10pm 
VULPECULA WAS INTRODUCED AT THE END OF THE 17TH CENTURY BY THE a = sees 
ully visible 90°N—61° 
POLISH ASTRONOMER JOHANNES HEVELIUS. IT CONTAINS A FAMOUS spoidciba y Aid hedivdta ead adc vaibind banebanbelael) 
PLANETARY NEBULA, THE DUMBBELL. MAIN STARS 
Johannes Hevelius originally called this aan ci 
constellation Vulpecula cum Ansere, the fox and ae dea Sete 
goose, but modern astronomers have simplified ENE NNO eT PHS WON HEREIN RTT EL OE RENT RSP ESOS aU oa RENE ERE OR ATA 
T Vulpeculae 


the name to just Vulpecula. It consists of a 
scattering of stars of 4th magnitude and fainter 
in the Milky Way south of Cygnus. On its 
southern border with Sagitta lies a grouping 
called Brocchi's Cluster. Through binoculars, this 
group appears as a line of six stars with a 
protruding hook, reminiscent of a coat hanger, 
which gives rise to its popular name, the 
Coathanger. However, it is not a true cluster, 
because all its stars are at different distances 
from us. Another celebrated object in Vulpecula 
is M27, a planetary nebula popularly known as 
the Dumbbell from its supposed resemblance 
to a barbell used for weight training. 


Variable yellow-white supergiant 
302 5.4-6.1 = 1,200 light-years 


DEEP-SKY OBJECTS 


M27 (Dumbbell Nebula) 
Planetary nebula about 1,200 light-years away 


Brocchi’s Cluster (Collinder 399; "the Coathanger”) 
Grouping of 10 unrelated stars 


<] Dumbbell Nebula 

A well-known planetary nebula also known as 
M27, the Dumbbell lies about 1,200 light-years 
away. It consists of gas ejected from a dying star, 
the exposed core of which can be seen as a faint 
white dot at the centre of this image. 


T Vulpeculae 
A Cepheid variable star 
C whose magnitude varies 
ysnus between 5.4 and 6.1 Alpha (a) Vulpeculae— 
every 4.4 days A 4th-magnitude star with a 


6th-magnitude binocular 
companion that is an 
unrelated background star 


A group of 10 stars at 
different distances from 
us consisting of six stars 
in a row and four others 
forming a hook, hence 
its popular name 
of the Coathanger 


—— | : = Brocchi’s Cluster 


Dumbbell Nebula 

A planetary nebula that can be seen 
through binoculars as a rounded 
patch about one-quarter of the 
apparent size of the Full Moon Sa Sitta 


\ 
Brocchits 
Cluster 


DELPHINUS 149 
> M71 
SAG | TTA This Hubble Space KEY DATA 
Telescope image Size ranking 86 
shows a brilliant =_ ae ees Slat densa tau coin eatinael [A —_ a 
_ I E ps RR RC)VV splash of stars in the Brightest stars Gamma (y) i; 


3.5, Delta (6) 3.8 


heart of the globular 
cluster M71 in Sagitta. 


THE THIRD-SMALLEST CONSTELLATION re lie ugly oo 
13,000 light-years [SRI gmmMMIRDAMMIO iT cccsssssssseeeeeeees ~ 
IN THE SKY, SAGITTA LIES IN THE BAND eae ME Highest in sky at 1pm Lek hy 
OF THE MILKY WAY BETWEEN AQUILA light-years in diameter. Fa aS , Ae Ce : 
REIN. . : Fully visible 90°N-69°S CHART 4 
ANDVUUPECUIA. 4442... NN sal tec 
; ; a Gamma (vy) Sagittae 
Sagitta is one of the original 48 constellations AeA dat of magnitude - An 8th-magnitude cise 
IS Ie Drightest star IN oagitta. cluster near Gamma Sagittae, 
known to the ancient Greeks. Its four brightest ies abouk 256 light-years away eon 


stars, all of 4th magnitude, suggest the shape of 
an arrow. The main object of interest for users of 
binoculars or small telescopes is M71. It was long 
considered to be a rich open cluster but is now 
classified as a globular cluster, even though it 
lacks the dense central concentration typical of 
most globulars. Other notable objects include 
WZ Sagittae, a dwarf nova star system that 
undergoes periodic outbursts of energy, and the 
Necklace Nebula, a planetary nebula with a ring 
of bright “knots” that resembles a necklace. 


or a small telescope 


yulpecula 


U a bp iN 7) 
| . a Necklace > 


KEY DATA 


DELPHINUS cet DATA 
| I E De | Pp I | \ ‘ - Brightest stars Rotanev (p) 


3.6, Sualocin (a) 3.8 


A SMALL NORTHERN CONSTELLATION 

REPRESENTING A DOLPHIN, DELPHINUS as Highest in sky at 10pm 
August-September 

LIES ON THE EDGE OF THE MILKY WAY «—__— SR nl ri rcrnsrcetnnineetne 

BETWEEN PEGASUS AND AQUILA. et GG aed ceased ie at 


It is easy to visualize a leaping dolphin among 
the stars of Delphinus. In Greek mythology, 
dolphins were the messengers of Poseidon, the 
sea god. Alpha and Beta Delphini, the 
constellations brightest stars, bear the odd 
names Sualocin and Rotanev. In reverse, they 
spell Nicolaus Venator, the Latinized form of 
Niccoldé Cacciatore, an Italian astronomer who 
seemingly named the stars after himself in the 
early 19th century. Among other objects of 
interest are Gamma Delphini, a wide double 
star easily divided with binoculars, the faint 
globular cluster NGC 6934, and a pair of 
colliding galaxies known as ZW II 96. 


Gamma (y) Delphini 

This consists of a wide pair of 
Stars of 5th and 6th magnitudes 
that can be easily separated 
through binoculars 


NGC 6934 

A 9th-magnitude 
globular cluster about 
50,000 light-years away 
and visible through a 
small telescope 
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PEGASUS 


andromeda 


TRE WINGED HORSE a 


ONE OF THE ORIGINAL 48 GREEK CONSTELLATIONS, 
PEGASUS REPRESENTS THE FLYING HORSE RIDDEN aS 
BY BELLEROPHON. THE GREAT SQUARE OF PEGASUS) iii 


NGC 7331. * 


Stephan’s Quintet . ~ 


IS FORMED OF STARS IN THE HORSE'S BODY. inn WIM CC 
Pegasus is the seventh-largest constellation and occupies ) | , | Hy jj Ai - 
an area of the sky to the north of Aquarius and Pisces. It i 


represents the head and forequarters of the flying horse. 


The bright stars Markab, Scheat, and Algenib mark three l 
of the four corners of the Great Square of Pegasus. A star in 
the neighboring constellation of Andromeda completes it. LY 

Great Square U == 


of Pegasus 
KEY DATA Scheat (8 Pegasi) 
ie This red giant's ' 
Size ranking 7 coloring makes it D0? a 
Brightest stars Scheat (p) easily distinguishable 
from the other stars 
see. in the Great Square 
Genitive Pegasi (y 
Abbreviation Peg A S | S 
Highest in sky at 10pm 
september—October ; 
Fully visible 90°N—53°S 
ss 
MAIN STARS \ 
Markab Alpha (a) Pegasi 
Blue-white giant 
3e5 2.5 => 133 light-years 
Scheat Beta (B) Pegasi 
Red giant with variable brightness 
3062.3-27 > 196 light-years 
Ree ee sia ienaio bausi a 
Algenib Gamma (y) Pegas! Despite its designation 
Blue-white subgiant of Alpha Pegasi, which 
305 2.8 = 391 light-years suggests that it is the 
re eee a Ny Ae NNT RINE PS SEVP OW eRe SS SRE Ree oT ed rr ar Ren brightest Star, Markab 
Enif Epsilon (e) Pegasi is the third brightest in 
Orange-yellow supergiant the constellation t8 
ste 23h 
SOc). - - ‘ A 
ise NG eemrreeserenes aca OU OUS crrememmemer| Pisces 
Matar Eta (n) Pegasi 
Binary star 
Jet 3.0 ¢=> 214 light-years 


DEEP-SKY OBJECTS 


M15 

on ae 51 Pegasi was the first 

Spiral galay sunlike star found to have 
Stephan’s Quintet 


Group of five gales an exoplanet 


EQUULEUS 151 


-EQUULEUS 
~ THE FOAL 


THE SECOND-SMALLEST CONSTELLATION 
AND WITH NO BRIGHT STARS, EQUULEUS 
DEPICTS A FOAL’S HEAD LYING NEXT 

TO THE LARGER HEAD OF PEGASUS. 


A NGC 733T ~~~ 


A spiral galaxy seen edge-on from Earth, NGC 7331 5 | h 
& n mpanion to P 
is,often used as an example of how our Milky Way Meeavencerinee been a co panion to regasus 


galaxy might look from the outside. | in the sky since ancient times. One Greek 

\ _ myth suggests it could be Celeris, the offspring 
or brother of the winged horse. It is a faint 
constellation that is easily overlooked. The 
double star Gamma Equulei has components 
that are readily separated with binoculars. 


KEY DATA 


Size ranking 87 


M15  : Brightest stars Kitalpha (a) 
One of the densest known 3.9, Delta (6) 4.4 
globular clusters, M1 5 iS : Tae eae ee pe ate 
also one of the finest ofthe : _‘ Genitive Equulel 


northern sky and easily : Abbreviation Equ 
spotted through binoculars : seme i asuuaiae ccna ete erent 
Highest in sky at 10pm 


September 


\\ \ Vs A 


\\ 


OEE 
WCC ; 


Delta (5) Equulei 

The second-brightest star 
in the constellation, Delta 
Equulei is a binary star 
consisting of two Sun-like 
main-sequence stars 


snsesod 
snutyd{Id 


Enif (« Pegasi) 
From the Arabic for 
“nose,” the bright 


WN star Enif marks the 

NX horse's nose andis % 
Nie S | easily visible with be” 

a S | the naked eye: a | 

HG \ Dv NSS ~~ | | <7 

ss ies. . i 2 = WEV vie \ 

imal, ep Mice SS ‘ VS / :  Kitalpha (o Equulei) 

To — NSA. :  Ayellow giant, 190 light- 
WG \ aS | \ | : years distant and 75 times 
Aqua BN ives & Mia “i ji Nt 22h _—., et > more luminous than the Sun; 


= a t. = : — its name comes from the 
_ 2 ; i | : — Arabic for “piece of horse” 
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LUMINOSITIES Omega’ Aquarii 


17 Suns 


AQUARIUS 
THE WATER CARRIER 


THIS CONSTELLATION DEPICTS A YOUNG 
MAN POURING WATER FROM A JAR. IT 
CONTAINS TWO FAMOUS PLANETARY 
NEBULAE: HELIX AND SATURN. 


Aquarius represents a young shepherd boy called 
Ganymede, who in Greek mythology was taken 
up to the heavens by Zeus to serve as a waiter 
to the gods on Mount Olympus. In the sky, he is 
visualized as pouring water out of a jar. The water 
jar is marked by a Y-shaped group of four stars 
in the north of the constellation—Gamma, Pi, 
Zeta, and Eta Aquarii. The flow of water from the 
jar is suggested by a stream of stars cascading 
southward to the constellation’s border with 
Piscis Austrinus, the Southern Fish. 

The Eta Aquarid meteor shower—caused by 
dust from Halley's Comet entering the atmosphere 
as Earth crosses the comet's path—radiates from 
the area of the Water Jar asterism in early May 
each year. At the peak of the shower, as many 
as 35 meteors can be seen per hour. 


gn? 


<1 NGC 7009 (Saturn Nebula) 
This planetary nebula, seen 
here through the Hubble 
Space Telescope, gets its 
popular name from the 
“handles” at each end that 
look like the rings of Saturn. 
It lies 1,400 light-years away. 


ss 


Earth 


> Star distances 

Most of the main pattern stars of Aquarius are 
relatively close to Earth, lying between about 
100 and 300 light-years away. The nearest 
main pattern star is Zeta (¢) Aquarii, which is 
the central star of the Water Jar asterism and 
lies about 92 light-years away. The most distant 
of Aquarius's pattern stars is 104 Aquarii, which 
is about 840 light-years away. 


Zeta Aquarii Sadachbia 
24 Suns 65 Suns 
Zeta (Cc) Aquarii 


In the centre of the Water Jar 
asterism is the binary star Zeta 
Aquarii, which can be divided 
through small telescopes. Its two 
Ath-magnitude white stars orbit 
each other every 490 years 
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Zeta (C) 92 light-years 


EE Beta (8) 540 light-years 


Tay (t) 315 light-years 
—S gy » Omega? (w?) 150 light-years 


104 Aquarii 
840 light-years 


3s f_ymH|T7—#{_]———_ Distaaee —AARALLL]_L_"mooctoH 


Skat 
105 Suns 


AQUARIUS 153 


- Sadalmelik 


1,480 Suns 


Sadalmelik (a Aquarii) 

The joint-brightest star with 
sadalsuud (8 Aquaril), 
sadalmelik marks the right 
shoulder of the Water Carrier 
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Sy NGC 7293 ae 


NGC 7252 


<< 
i a ae 


piscis AUStr;, 


NGC 7293 (Helix Nebula) 
Visible through binoculars 
and small telescopes as a 
large, pale patch nearly half 
the apparent width of the 
full Moon, NGC 7293 is 

the largest planetary nebula 
as seen from Earth 


M2 

This globular cluster, 
some 37,000 light- 
years away, Is visible 
through binoculars 
as a hazy patch 


NGC 7009 


M73 


21h 


NGC 7009 (Saturn Nebula) 
This nebula appears as an 
elongated patch when viewed 
through a small telescope. A 
large-aperture telescope is 
needed to see the faint 
extensions at each end that 
give it a Saturn-like shape 


> NGC 7293 (Helix Nebula) 

The Helix is the closest planetary 
nebula to the Sun, located about 
650 light-years away. It consists 
of a cloud of gas about three 
light-years across, which surrounds 
a central white dwarf star. 


M72 


Sadalsuud (6 Aquarii) 
The joint-brightest 

Star with Sadalmelik 

(a Aquarii), Sadalsuud 
marks the left shoulder 
of the Water Carrier 


Sadalsuud 
7,635 Suns 


KEY DATA 


Size ranking 10 


Brightest stars Sadalmelik 
(a) 2.9, Sadalsuud (8) 2.9 


Highest in sky at 10pm 
June—July 


CHART 3 


MAIN STARS 


Sadalmelik Alpha (a) Aquarii 


Yellow supergiant 

3e 2.9 ¢=> 525 light-years 
Sadalsuud Beta (8) Aquarii 

Yellow supergiant 

te 2.9 «= 540 light-years 


Sadachbia Gamma (y) Aquarii 
Blue-white main sequence star 


> 165 light-years 


Skat Delta (5) Aquarii 
Blue-white main sequence star 


— 160 light-years 


Zeta (C) Aquaril 
White giant 


DEEP-SKY OBJECTS 


M2 
6th-magnitude globular cluster 


M72 


M73 


NGC 7009 (Saturn Nebula) 
Planetary nebula similar in size to Saturn 


NGC 7252 (Atoms for Peace Galaxy) 
Colliding galaxies 


NGC 7293 (Helix Nebula) 
Large planetary nebula 
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LUMINOSITIES : lota Piscium 


PISCES THE FISH 


ONE OF THE 48 CONSTELLATIONS OF CLASSICAL 
TIMES, PISCES IS A ZODIAC CONSTELLATION THAT 
REPRESENTS TWO FISH. ITS MOST DISTINCTIVE 
FEATURE IS A RING OF STARS CALLED THE CIRCLET. 


A faint constellation lodged between Aquarius and Aries, 
Pisces can be found by looking south of the Great Square 
of Pegasus and locating a ring of stars. Named the Circlet, 
this ring marks the body of a fish. Pisces’ second fish faces 
the opposite direction but the two are tied together by 
“ribbons.” The star Alrescha marks the knot joining the 

two ribbons. According to Greek myth, the fish are linked 
to the goddess Aphrodite and her son Eros. Pisces is probably 
best known for containing the point where the Sun crosses 
the celestial equator into the northern hemisphere. Called the 
First Point of Aries, or vernal (spring) equinox, this point is 
used to measure celestial coordinates (see pp.90-91). 


North celestial pole 


Pisces 


Path of Sun 


Celestial equator 
First Point 


of Aries 


South celestial pole Celestial sphere 


A The First Point of Aries 

Pisces contains the vernal (spring) equinox, also known as the First Point of Aries. 
This is the point at which the Sun crosses the celestial equator from south to 
north in March each year and is the point from which right ascension is 
measured. Originally in the constellation Aries, the vernal equinox has shifted 
position over time because of precession, the slow wobble of the Earth on its axis. 


> Star distances 

The nearest and farthest of Pisces’ main pattern 

stars both form part of the Circlet: lota (1) 

Piscium at 45 light-years away, and TX Piscium, 

which is 20 times farther away, at about 900 

light-years from Earth. These two stars are 

also the least and most luminous of Pisces’ Earth 
pattern stars, with lota emitting about four 

times as much energy as the Sun gives off 

and TX Piscium about 690 times as much. 
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M74 
A spiral galaxy 32 million 
light-years away and lying 
face-on to Earth. Its 
perfectly symmetrical 
arms extend from a sae, 
central nucleus ae 


MM 
NGC 520 WW 
D> 


Alrescha (c Piscium) 
A binary star consisting 
of two white main- 
sequence stars of 
magnitudes 4.2 and 5.2 


Cetus 


~» Psi! 275 light-years 


ee Eta (rn) 350 light-years 


ST 68 Epsilon (¢) 180 light-years 
»>) —— — lota (i) 45 light-years 


TX Piscium 
900 light-years 


ls. Distance 9-H SHH HSH > 


PISCES 155 
& 
Gamma Piscium Alrescha Eta Piscium TX Piscium 
52 Suns 55. SUNS 355 SUNS 690 Suns 


A NGC 520 

This jumble of stars and gas with a dark dust 
lane is two galaxies merging. The process 
started 300 million years ago, and their disks 
have merged but their centers are still to join. 
NGC 520 is 90 million light-years away, 


[> NGC 7714 
About 100 million years ago, this 
spiral galaxy was in a gravitational 
tug-of-war with a smaller galaxy. 
In the interaction, its smokelike 
ring of stars was pulled away from 
its center. The blue arcs are bursts 
of star formation. 


KEY DATA 


Size ranking 14 


Brightest stars Eta (n) 3.6, 
Gamma (y) 3.7 


Highest in sky at 10pm 
October-November 


CHART 3 


MAIN STARS 


Alrescha Alpha (a) Piscium 
White main-sequence binary star 


2024.2,5.2 => 151 light-years 


Beta (6) Piscium 
Blue-white main-sequence star 
= 408 light-years 


Gamma (y) Piscium 
Yellow giant 


> 138 light-years 


Eta (1) Piscium 
Yellow supergiant 


— 350 light-years 


DEEP-SKY OBJECTS 


M74 
Spiral galaxy; also known as NGC 628 


NGC 520 
Two merged galaxies 


NGC 7714 
Distorted spiral galaxy 


Beta (6) Piscium 

A blue-white 
main-sequence star 
almost five times the 
sun’s width and 750 
times its luminosity 


TX Piscium 

A red giant of variable 
brightness, ranging 
between magnitudes 
4.8 and 5.2 
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Elnath (6 Tauri) 

Just over 4 times the size of the Sun 
and 700 times its luminosity, Elnath 
is Taurus’s second-brightest star 


Zeta (C) Tauri Aldebaran (c Tauri) 


A binary star of magnitude This giant’s red color 
3.0. The stars are so close can be seen by the 

they cannot be separated naked eye. At magnitude 
by most telescopes 0.9, it is the night sky’s 


14th-brightest star 


The Pleiades (M45) 

Six of this cluster’s stars are visible to the naked 

eye, including Alcyone, the brightest in the cluster; 
Perseus many more stars can be seen with binoculars 


<—) 


“4h 
NGC 1514 


Wise SS //'/ 
MiSs 


Theta (6 Tauri) 
A binary star and the 
centrer of the Hyades 
cluster, which extends 
out as far as Aldebaran 
and Gamma Tauri 
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THIS PROMINENT CONSTELLATION IS PART OF THE ZODIAC 
AND ORIGINALLY RECOGNIZED BY THE ANCIENT BABYLONIANS 
OVER 2,500 YEARS AGO. IT CONTAINS TWO CELEBRATED OPEN 
STAR CLUSTERS AND A FAMOUS SUPERNOVA REMNANT. 


Taurus represents the head and front parts of a bull looking 
directly at adjacent Orion. According to Greek legend, this 
beast is Zeus disguised to seduce the maiden Europa. Its 
V-shaped face is marked by the nearest major star cluster to 

us, the Hyades, which contains about 200 stars centered on 
Theta Tauri and spread over a large area of sky. A more tightly 
bunched cluster, the Pleiades, marks the bull's shoulder. Tauruss 
brightest star, Aldebaran, forms one of the bull's eyes. The stars 
Theta, Kappa, and Sigma Tauri are all doubles. Lambda Tauri 

is an eclipsing binary, and T Tauri, a variable. 
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KEY DATA | ARIES THE RAM KEY DATA 


Size ranking 17 Size ranking 39 


Brightest stars Aldebaran 


Brightest stars Hamal (a) 


(a) 0.9, Alnath (B) 1.7 i ~ 3 ONE OF THE ZODIAC CONSTELLATIONS, ARIES 2.0, Sheratan (B)2.7 
Ree raya _ REPRESENTS A CROUCHING RAM WITH ITS Genitive Aries 
ee Ware _ HEAD TURNED TOWARD TAURUS. ITS PATTERN —_ Abbreviation A 

Highest in sky at 10 ip al fos Highest in sky at 10 

crea anil Wer line 1S RELATIVELY FAINT AND HARD TO IDENTIFY. be en nia 
_Fully visible 88°N-58°S CHART 6 | According to Greek legend, Aries is the ram whose ee. a 
— 1 c1ceS|S| | golden fleece was sought by Jason and the Argonauts. 
iC Its most prominent part is a bent line made from three MAIN STARS 

ener trait yeu! bright stars that mark the ram’s head. More than 2,000 patibalsaipla (ap Anes 

Red giant ; a Yellow-orange giant 
0.9 ee 67 light-years a aha lee oli ie ae sonal ene ie Pol 85 2.0 = 66 light-years 

Einath Beta (3) Tauri : where the Sun crosses the celestial equates south to Sheratan Beta () Avletls 

Blue-white giant north. The point, also known as the ‘First Point of Aries, Binary star 
BRAT em 134 lightyeas _ defines zero hours right ascension. Today, it is in 2.7 => 59 light-years 

Zeta (2) Tauri neighboring Pisces. Mesartim Gamma (y) Arietis 

Binary star : Binary star 
S30 ee AaB light-years 3 <1 NGC 695 33.9 ¢ 164 light-years 

Alcyone Eta (n) Tauri This spiral galaxy, about 450 Lambda () Arietis 


million light-years away, lies 


Blue-white giant in the Pleiades cluster 
face-on to us. Its spiral arms 


Binary star 


S29 PAB light-years are not well defined and very 85 4.8 ‘= 129 light-years 
a aaa 
formation are tangled ina 
DEEP-SKY OBJECTS mesh of dust and gas, which DEEP-SKY OBJECTS 
ate erecmewkeiys eco 
SE ES SU eM Fs a rn es 
M45 (Pleiades) 


Open star cluster 


M1 (Crab Nebula) 
supernova remnant 


NGC 1514 
Planetary nebula 


NGC 1555 (Hind’s Variable Nebula) 
Reflection nebula 


Hamal (o Arietis) 

About 90 times brighter 
than the Sun, this bright 
Star is 66 light-years away. 
Its name is Arabic for lamb 


Sheratan (6 Arietis) 
The two stars in this 
binary are so close they 
cannot be separated by 
a conventional 
telescope. The primary 
Star is a blue-white 
main-sequence star 


Mesartim (y Arietis) 

At magnitude 3.9, this 
binary star is easily 
visible to the naked eye. 
A small telescope 
separates it into a pair 
of almost identical 
white stars 


AM1 


Popularly called the Crab Nebula, this is the 
remnant of a supernova that exploded in 1054 and 
was bright enough to be seen in the daytime. It is 
about 10 light-years across and still expanding as 
filaments of gas rush outward from the site of the 
explosion. A neutron star, the central remnant of 
the original star is in its center. 
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LUMINOSITIES | 


Tau Ceti 


x SS 0.5 Suns 
Vv 
(0G , 
¥ 
Of 
\ Arp 147 6 : NGC-799/800 
os KON 
\ Abell 370 
A Arp 256 9 
Lying about 350 million light-years away, these 
two galaxies, collecetively known as ARP 256, are Menkar (o. Ceti) 
at an early stage of merging. Their interaction has The second-brightest star, Menkar 
disrupted their shapes and triggered star formation. ‘<apour Somes hesize orn 
sun and 2.3 times its mass. It has 
a wide but unrelated companion of 
magnitude 5.6, visible with binoculars 
M77 
Lying 47 million light-years away, \' 
M77 is the closest Seyfert galaxy \\ -10° 
to us. It is also the brightest, due \\ 
to a central supermassive black 
STRADDLING THE CELESTIAL EQUATOR, CETUS hole with 15 million times the 
mass of the Sun 
IS THE FOURTH-LARGEST CONSTELLATION IN 
THE SKY. IT IS NOT PARTICULARLY PROMINENT, \ 
SO CAN BE CHALLENGING TO IDENTIFY. \ 2 
One of the original 48 Greek constellations, Cetus was the 
sea monster killed by Perseus as it was about to savage 
Andromeda, chained to cliffs as a sacrifice to the monster. 
It is often represented as a strange hybrid, with a large 2 | 
] - 
head, a land mamma's front legs and body, and a sea Mira (o Ceti os 
serpents tail. Appearing distinctly red, Mira = 
: varies in brightness as it ¢ 
The constellation has several notable stars and deep-sky fluctuates in size. It changes - 
objects. Mira is one of the most prominent variables in the Ce ea ul 
322 days, going from a naked- | 
sky. Its brightness changes as it undergoes a long, regular eye object to a telescopic one 5202 
cycle of pulsations. In contrast, UV Ceti is a red dwarf flare GF 
star whose brightness increases dramatically without NGC 908 
warning. Tau Ceti is a Sun-like star only 12 light-years 
away and is orbited by five exoplanets. 
lta (5) 
ee 650 light-years 
ee — Mira (0) 299 light-years 
saa i 7 (0) sliaas <1] Star distances 
SS is Cetus's main pattern stars are situated 
ee ——_ = between 12 and about 650 light-years away. 
See ——@ Theta (6) 115 light-years eile) y 
Earth Py — 7 be (8) oe The nearest, Tau (t) Ceti, is one of the closest 
~~) Tau (t) 12 light-years ——@ Iota (1) 275 light-years yellow main-sequence, Sun-like stars to us. 


Delta (5) Ceti, is a blue giant that, as well 
as being the most distant of Cetus pattern 


Stars, is also the most luminous, with a 
JOT ——_!1—— Distance S luminosity of more than 800 Suns. 


CETUS 159 


Sr a are being formed. 


Mira Gamma Ceti Deneb Kaitos Menkar Delta Ceti 
79 Suns 21 Suns 715 Suns 490 Suns 805 Suns 


[> NGC 247 

This spiral galaxy, which is tilted to our 
line of sight, lies close to Earth, at about 
11 million light-years away, and is part 
of the Sculptor Group of galaxies, the 
nearest group to our Local Group. The 
arms of NGC 247 contain glowing pink 
clouds of hydrogen, where new stars 


en y 
AN ee 
\, KEY DATA 
NGC 201 ¥ \ — 
i> va Size ranking 4 
’ Brightest stars Deneb 
et Kaitos (B) 2.0, Menkar (a) 2.5 


¥. \ Genitive Ceti os 
> | NGC 201 Abbreviation Cet wae 


A barred Spiral galaxy with aorta lain omar ts ant mrala ss asiias) 6G tei S6 aie chalaiseoia) wiv, dialed aia\aiv a Sle -eiei ace Salas alec ea 


\\ a similar structure to the Highest in sky at 10pm 
1§> Milky Way, NGC 201 is ina ee cssiets 
\ group of four galaxies that Fully visible 65°N—79°S CHART 3 
\ Might merge into one giant wessssseteseteeseetesseetenseessseetnnaeennnsetn 
| galaxy within about a 
A | billion years MAIN STARS 
: | 
4 Menkar Alpha (a) Ceti 
C : of Red giant 
: — 3e5 2.5 ¢=> 250 light-years 
Deneb Kaitos Beta (() Ceti 
1 Orange giant 
3et 2.0 = 96 light-years 


Gamma (vy) Ceti 
Triple star; main star is a blue-white main-sequence 


YS EAA Zz; 3e5 3.5 > 80 light-years 
= NGC 246 2A Mira Omicron (o) Ceti 
3 =<" GZ Variable red giant 
Z LZ | 305 2.0-10 > 299 light-years 
| Tau (t) Ceti 
) Yellow main-sequence star 
AA YUssmyyye a 3903.5 ¢=> 12 light-years 
UV Ceti SE r yoo) | mt 
[= Dtyfhy ia Wi, | 
VY LL ah | 
Yt nN DEEP-SKY OBJECTS 
; 7 JAA a“ — ei 
6 LZ | M77 (NGC 1068) 
; Zz a | Barred spiral galaxy; also a Seyfert galax 
Deneb Kaitos at cas lie loeace Renae anele yiert g ae Yc 
=i) = NGC 246 
, I Planetary nebula 
s = 
~ — Reser cir rcearia erect Ceres or COTS T IT aESa SET UTTAS STINT ETE LATER ESTEE TR EXETKT ESTEE EAT area TCE 
= an NGC 247 
Oy Spiral galaxy 
= NGCONT I etnttnttnntnnnnnnninninnnnninnnnnnn 
NGC 799 and NGC 800 
Barred spiral (NGC 799) and spiral galaxy (NGC 800) 
90° NGC 908 
Spiral galaxy; also a starburst galaxy 
1h NGC 201 
Barred spiral galaxy 
Se rr i ie tier shrine 
lel: = Arp 147 
SS Pair of interacting galaxies 


Arp 256 


On 
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@ 
LUMINOSITIES | Epsilon Eridani 


0.3 Suns 


ERIDANUS 


Cursa 
571 Suns 


ERIDANUS MEANDERS FROM ORION DEEP INTO THE SOUTHERN SKY, 


ENDING AT THE BRIGHT STAR ACHERNAR. 


IN ANCIENT GREEK TIMES, THE 


CONSTELLATION DID NOT END SO FAR SOUTH, BUT IT WAS EXTENDED 
WHEN EUROPEAN NAVIGATORS BEGAN TO CHART THE SOUTHERN STARS. 


Eridanus represents the mythical river that 
Phaethon, the son of the Sun-god Helios, fell 
into while attempting to drive his father's 
Sun-chariot across the sky. 

Ancient Greek astronomers traced the 
celestial river as far south as the star we know 
as Acamar (Theta Eridani). Eridanus was later 
extended farther south so that it now ends at 
the star we call Achernar (Alpha Eridani). The 
names Acamar and Achernar both come from 


the Arabic meaning “rivers end.” Present- 
day Eridanus has the greatest north-to-south 
span of any constellation, nearly 60 degrees. 
Eridanus contains several notable celestial 
objects, including the flattened, fast-spinning 
star, Achernar, as well as the classic barred 
spiral galaxy NGC 1300 (see pp.52-53), the 
face-on spiral NGC 1309, and the galaxy 
NGC 1291, which is surrounded by an outer 
ring in which new stars are being formed. 


Achernar, the brightest star in Eridanus, 
is the least spherical star known 


A NGC 1309 


Lying about 100 million light-years away, NGC 1309 is a spiral 
galaxy that is about three-quarters as wide as our own Milky Way. 
In this Hubble image, bright areas of active star formation can be 
seen in the arms, with brown dust lanes spiraling out from the pale 
yellow nucleus containing older stars. 


> Star distances 

Eridanus’s main pattern stars lie between 
about 10 light-years and 810 light-years from 
Earth. The nearest and farthest stars are both 
in the northern part of the constellation: 


___® Epsilon (¢) 10.5 light-years 


Acamar 
150 Suns 


\ 


Omicron! (0) Eridani 
Also known as 40 Eridani, a 
Ath-magnitude orange giant 
with a 10th-magnitude white Lg 
dwarf companion that is visible 0) 
through a small telescope 


<1 NGC 1291 

A ring of newborn stars 
encircles the galaxy NGC 1291 
in this color-enhanced image 
taken at infrared wavelengths 
by NASAs Spitzer Space 
Telescope. In this image, 
young stars are shown in red, 
and the older stars at the 
galaxy's center are shown in 
blue. When galaxies like this 
are young, star formation 

is concentrated near their 
centers, but as gas at the 
galaxy's center is used up, 
star formation moves to 

the outer regions, as 

has occurred here. 


Lambda (A) 
810 light-years 


Epsilon (€) Eridani at 10.5 light-years from 
Earth and Lambda (A) Eridani at about 
810 light-years away. 


Earth 


—_ 
aoe 


i 9 Chi (y) 58 light-years 


——— Tav? (t”) 187 light-years 


Tau? (t°) 327 light-years 


Distance 


Achernar 
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Equatorial diameter: Polar diameter: 
10.4 million miles 6.7 million miles 
(16.8 million km) (10.8 million km) 


A Shape of Achernar 

Achernar spins very rapidly, rotating once in less 

than three days. Because it spins so fast, it bulges 
significantly at the equator and has a flattened shape. 
Achernar has the greatest known bulge of any star, 
with an equatorial diameter more than 50 percent 
larger than its polar diameter. 


7,050 Suns 


Epsilon (¢) Eridani 


Orange main-sequence star that is 


one of the most Sun-like of the 
Stars visible to the naked eye 


NGC 1535 

A 10th-magnitude planetary 
nebula that resembles a 
blue-green eye when viewed 
through a large telescope 


NGC 1300 

Face-on barred spiral 
galaxy about 70 million 
light-years away, too 
faint to be seen through 
small telescopes 


Acamar (0 Eridani) 
Double star with 
components of 3rd 
and 4th magnitudes, 
divisible through a 
small telescope 


Achernar (a Eridani) 
More than 1,000 times more 
luminous than the Sun, the 
brightest star in Eridanus, 
and the 9th-brightest in 

the night sky 


a 
Sess 


a 
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Lambda Eridani 
1,075 Suns 


KEY DATA 


Size ranking 6 


Brightest stars Achernar 
(a) 0.5, Cursa (B) 2.8 


Highest in sky at 10pm 
November—January 


CHART 6 


MAIN STARS 


Achernar Alpha (a) Eridani 
Blue-white main-sequence star 


$920.5 ¢=> 140 light-years 


Cursa Beta (8) Eridani 
Blue-white subgiant 


3942.8 «=> 89 light-years 


Epsilon (e) Eridani 
Orange main-sequence star 


Jet 3,7 «=> 10.5 light-years 


Acamar Theta (8) Eridani 
Blue-white double star 


302 2.9 ¢=> 160 light-years 


DEEP-SKY OBJECTS 


NGC 1232 
Spiral galaxy 


NGC 1291 
Ring galaxy 


NGC 1300 
Barred spiral galaxy 


NGC 1309 
Spiral galaxy 


NGC 1376 
Spiral galaxy 


NGC 1535 
Planetary nebula 
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LUMINOSITIES chi’ 
1 SUA 


ORION THE HUNTER 


FORMED FROM AN EASILY RECOGNIZABLE PATTERN OF 
STARS, ORION IS FAMILIAR TO MOST SKYWATCHERS. IT 
CONTAINS SEVERAL BRIGHT STARS AND THE ORION NEBULA, 
ONE OF THE MOST BEAUTIFUL SIGHTS IN THE NIGHT SKY. 


Orion is an ancient constellation that represents a hunter or warrior 
in Greek myth. Orion was the son of Poseidon, the god of the sea, 
and was a hunter of great prowess. Despite his hunting skill, he was 
killed by a mere scorpion, possibly in retribution for his boastfulness. 
In the sky, the scorpion is depicted by the constellation Scorpius, and 
as Orion sets below the horizon, Scorpius rises and pursues him 
across the sky. Close to Orion's heels are Canis Major and Canis 
Minor, representing his hunting dogs. 

The two brightest stars in Orion provide a striking colour contrast: 
the red supergiant Betelgeuse marks the hunter's shoulder, while the 
blue supergiant Rigel is positioned in one of this feet. Many of the 
constellations highlights are near the line of stars that represents 
Orions Belt. The belt is easy to find because it is made up of three 
equally spaced bright stars—Alnitak, Alnilam, and Mintaka—which 
form an almost perfectly straight line. Just below the belt is a complex 
of stars and nebulae that represent the hunter's sword. This area 
includes a vast area of star formation called the Orion Nebula (M42), 
the largest and closest nebula of its kind in the night sky. Other 
nebulae lie nearby, including the Horsehead Nebula, a dark nebula 
silhoutted against the bright emission nebula, known as IC 434. 


When Betelgeuse explodes, 
it will release more energy 
in an instant than the Sun 
will produce in its lifetime 


> Star distances 

At just under 500 light-years away, Betelgeuse 
is the closer of Orion's two brightest stars. 
Rigel is much more distant—about 860 
light-years away—but most of the time, Rigel 


Mintaka 
4,945 Suns 


Alnitak 
8,940 Suns 


> Betelgeuse 
The supergiant star Betelgeuse is more 
than 500 times bigger than the Sun. If 
it was placed at the center of our Solar 
System, it would engulf the Sun and 

all the planets out as far as Jupiter. 
Betelgeuse is both relatively young 
and highly unstable, varying erratically 
in brightness. At some point in the 
next million years, it will probably 
explode in a supernova. 


Betelgeuse 
Radius 510 million 
miles (820 million km) 


> M42 

Better known as the Orion Nebula, this 
star-forming region is about 24 light- 
years across. It is shown here as bright 
pink because radiation from hot young 
stars causes hydrogen gas to glow pink. 
The nebula is embedded in a much 
larger dark cloud; dust in this cloud is 
coloured dull pink. 


VY The Trapezium 

The stars forming in the Orion Nebula 
include a group called the Trapezium. 
As well as the four stars seen here, the 
system includes two fainter members. 


Betelgeuse (a) 498 light-years 


___——) Bellatrix (vy) 243 light-years 


looks brighter than Betelgeuse because it emits Ww Pi? (1) 26 light-years 


far more light. The three stars that form the line — Earth 
of Orion's Belt are widely spread out in space, 

with Alnilam being the most distant. In fact, 

Alnilam is the farthest of all Orion's main 

pattern stars, at nearly 2,000 light-years away. 

The nearest pattern star is Pi? Orionis, which 


is only 26 light-years from Earth 


2 ___________________________ Distance 


—— Mintaka (5) 691 light-years 


Alnilam (e) 
1,976 light-years 


Rigel (8) 860 light-years 


iim ae. ORION 163 


f y . 
| | | : 
Betelgeuse X ) Rigel Y , Alnilam 
13,415 Suns “eS —=«~S 6165 Suits “SS —é«—AG, 481 urn 
KEY DATA 
Size ranking 26 
. Brightest stars Rigel (8) 
——————__\( 0.2, Betelgeuse (a) 0.0-1.3 
x Genitive Orionis 
x waNGl 21 Abbreviation Or 
ye NGC 217400 te ee 
: Also known as the Monkey Highest in sky at 10pm 
Head Nebula, an emission December—January 
nebula lying about6,400 isin 


light-years away 


MAIN STARS 


Betelgeuse Alpha (a) Orionis 
Variable red supergiant 


als 


785 0.0-1.3 = 498 light-years 


Rigel Beta (f) Orionis 
Blue supergiant, usually Orion’s brightest star 


ae Ope: ©” 860 light-years 


Bellatrix Gamma (y) Orionis. 


% ‘ Blue-white giant 
y N 285 1.6 ©» 243 light-years 
Si: Y X Pea ME Hi nc 
By : aN Mintaka Delta (5) Orionis 
yy a ae \\ Double star at one end of Orion’s Belt 
ay, i 2 \\ a 
y _— Ah 3!) ar | / Ae Ie ©» 691 light-years 
_ rm q| Alnilam Epsilon (e) Orionis 
Gas / ii) Blue supergiant; the middle star of Orion's Belt 
— /| 30517 > 1,976 light-years 
> vA t Alnitak Zeta (C) Orionis 
wy ly Double star at one end of Orion's Belt 
‘ / Bellatrix 4 305 1.7 © 736 light-years 
2) «= \| 7 =. <f | » 28 The Trapezium Theta’ (6) Orionis 
= O NE R | Multiple star with six components at the center of M42 
O y 2 q | 3e5 54 => 1,600 light-years 
QO = aN 4 oe j ee A Ata aaa gaara pain ane nay age 
@ = H } Sigma (0) Orionis 
o . 0 Ss HH ) Multiple star with four components 
? \\ ig | 305 3.8 => 1,072 light-years 
. : 5 = a a a EEE NEE SENSE EEE ESS SENSES CUES EEASEUSESSUSLESAESS EXEULEXSEAE EEX ASE EES EEEELE EEL 
0° ANN =| es t 
NGC 2112. MMi T - | 
SO TRAN = gq - = 5 1° Ii 
on ear  DEEP-SKY OBJECTS 
me Mintaka = Md Oe) M42 (Orion Nebula) 
Alnilam ») <0 : Ly Bright emission nebula 
€ : . = 3 i Bi sess seaisignescsmncysseacpniascinesas annie pean spcaconesavee cenaneceraaane eanenantias tens 
} vant 434 i ‘a Ne 
| NGC 2024 3 i<Z Fee 2 eae ea ens 
Yo NSB N88 NN > )) Nac 2169 
= So 2, H)) Open cluster 
NGC 1981 | Pye B33 (Horsehead Nebula) 


S \ {Sg Dark nebula lying in front of the bright nebula IC 434 
> =m ss a Se eer areas ceecerss areere tracery ar caret eevesas orca tae ese ca cr tare 
Alnitak (Z Orionis) M42 = ~3 i! NGC 1981 


The easternmost of the Large, scattered open cluster 


three stars of almost \ ‘s Mase a ait cne ney vice nae ch wera Saga aR eipo ryiecln nga eedaeesaisaleda sigue seneMaNe pte ee 
equal brightness that S 
form Orion’s Belt; the S : M42 
other two stars are = , NGC 1981 Also known as the Orion 
Alnilam in the middle, Y NU . Nebula, on a clear night, it 
and Mintaka at the ; JAZ < : can be seen with the naked 
westernmost end ; a Be Z p | eye as a hazy patch of light 
= Salph a 
{ =F 
2 : 49° Rigel (B Orionis) 
Marae This blue supergiant is the 


7th-brightest star in the sky 
Lepus 


1 Orion's sword 


The Orion Nebula is one of the most observed 
and photographed objects in the night sky. To 
the naked eye it is a just a fuzzy patch marking 
the sword of Orion. However, photographs 
transform it into a colorful maelstrom of 
star-birth. This wide-field view shows all of the 
massive star-formation region. It was taken by 
the VISTA infrared telescope at the European 
Paranal Observatory in Chile. 


’ o 


ORION NEBULA 


Heart of the nebula 


The heart of the Orion Nebula stellary nursery 
contains thousands of young stars and 
developing protostars. The infant stars have 
blown away much of the dust and gas in which 
they formed, carving a huge cavity in the cloud, 
seen here in red. The brilliant starlight of the 
region at the top of the cavity comes from a 
tight open cluster of young stars, known as 

the Trapezium (see p.162). 


Infrared composite 


This infrared view combines data from two space 
telescopes, Spitzer and Herschel. It shows a 
region of the nebula about 10 light-years across, 
with the Trapezium to the left of the image. In 
infrared light, it is dust rather than the gas and 
stars that shines brightest. The red regions show 
cold dust, condensed into clumps around stars 
in the process of forming. Blue indicates warmer 
dust, heated by fully formed hot, young stars. 


4 High-temperature gas 

A high-temperature gas cloud, shown here in 
blue, is revealed when the nebula is imaged 

in X-ray light by the space telescope XMM- 
Newton. It appears to fill the nebula's huge cavity, 
which is visible in optical and infrared views. The 
cloud was produced in a violent collision when 
wind from a massive star was heated to millions 
of degrees as it slammed into surrounding gas. 
The bright yellow patch is the Trapezium cluster. 
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LUMINOSITIES 


GEMINI 


@ 
Wasat Pollux Castor 
72 Suns 32 Suns 49 Suns 
KEY DATA 
Size ranking 30 
aaa een 
GEMINI IS A PROMINENT CONSTELLATION OF THE ZODIAC, REPRESENTING THE gr ee 
enitive minorum 
MYTHOLOGICAL TWINS CASTOR AND POLLUX. ITS TWO BRIGHTEST STARS MARK Sareea son 
THE HEADS OF THE TWINS. ITEMS OF INTEREST INCLUDE A BRIGHT STAR CLUSTER “iighestinskyatitom 
AND AN UNUSUAL-LOOKING PLANETARY NEBULA. oe cutsones 
Fully visible 90°N—55°S CHART 6 


In Greek mythology, Castor and Pollux were the 
sons of Queen Leda of Sparta. Pollux was said 

to have been fathered by the god Zeus and was 
immortal, while Castor's father was Leda's husband, 
King Tyndareus, and he was mortal. The twins joined 
the crew of the Argo and went in search of the 
Golden Fleece, in one of the great epics of ancient 


Greek mythology. 


Overall, Gemini is rectangular in shape. One of 
its two main stars, Castor, is a remarkable multi-star 
system (see diagram, below right), the two brightest 


V M35 

This large cluster of about 200 stars is easily visible 
through binoculars near the border where Gemini 
meets Taurus. Telescopes also show the fainter and 
more tightly bunched cluster NGC 2158, seen at 
bottom left of this image. M35 is approximately 
2,800 light-years away, while NGC 2158 is around 
10,000 light-years more distant. 


members of which can be seen separately through 
a small telescope. Although Castor is labeled 
Alpha Geminorum, it is not the brightest star in 
Gemini, which is Pollux (Beta Geminorum), the 
constellations other main star. 

One of the years richest meteor showers, the 
Geminids, appears to radiate from a point near 
Castor around December 13 each year. Up to 100 
meteors an hour can be seen. Unlike most meteor 
showers, the parent body is not a comet but an 
asteroid, Phaethon. 


A NGC 2392 


This unusual-looking planetary nebula gets its popular name from 
its resemblance to a face surrounded by a furry parka hood. The 
“hood" is really a ring of gas streaming away from the central star, 
creating the appearance of a disk when seen through a small 
telescope. The Eskimo Nebula is about 5,000 light-years away. 


Stars labeled Alpha (a) are not always the 
brightest in their constellations—an example 
is Castor, which is dimmer than Pollux 


MAIN STARS 


Castor Alpha (a) Geminorum 
Blue-white multiple star 
Ze 1.6 = 51 light-years 


Pollux Beta (6B) Geminorum 
Orange giant 


= 34 light-years 


Alhena Gamma (y) Geminorum 
Blue-white subgiant 


> 110 light-years 


Wasat Delta (6) Geminorum 
White main-sequence star 


= 60 light-years 


Mebsuta Epsilon (e) Geminorum 
Yellow supergiant 


= 845 light-years 


DEEP-SKY OBJECTS 


M35 
Large, bright open cluster of about 200 stars 


NGC 2392 (Eskimo Nebula) 
Planetary nebula, also called the Clown Face Nebula 


Castor Ca Castor Bb 
Castor Cb Castor Ba 


CO A\ 


Castor C 


Castor B 


Castor Aa 
i Castor Ab 


Castor A 


Orbit of 
Castor C 


Orbit of 
Castor A and B 


A Castor multi-star system 

Through a small telescope, Castor appears as a 
double star, Castor A and B, with components 
that orbit one another every 460 years. Each of 
these stars is itself a binary. To complicate the 
picture further, Castor A and B also have a faint 
red dwarf companion, known as Castor C, which 
is an eclipsing binary, completing a remarkable 
system of six stars all linked by gravity. 
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Alhena ie Mebsuta 7 Zeta Geminorum 


165 Suns 3,490 Suns 3,860 Suns 


Ly nx 


M35 

Just visible to the naked 
eye under clear, dark skies, 
M35 is a large, elongated 
Star cluster near the base 
of the twins 


Pollux (68 Geminorum) 
An orange giant, Pollux 
is the brightest star in 
the constellation 


lgoue9 
@ 
gnit » 


Wy 


\ 
Wi 
i\\) 
Vi 


NGC 2392 . aS wis 
Also called the Eskimo \ 
Nebula, this nebula 2 vA ; 


Eta (yn) Geminorum 

A red giant situated about 
350 light-years away, Eta 
Geminorum varies between 
magnitudes 3.1 and 3.9 
about every eight months 


consists of a shell of gas 
thrown off by a dying star. 
A large telescope is 
required to see its 
detailed structure 


Canis y 

Or r { i 

. | | ~ 
. Zeta (Z) Geminorum 
————, This Cepheid variable 
Re fluctuates between 
magnitudes 3.6 and 4.2 
every 10.2 days 

> Star distances 


Although Castor and Pollux are twins in 
mythology, the stars themselves are not related. 
Castor (a Geminorum) is about 51 light-years ___—® Pollux (8) 34 light-years 
away, whereas Pollux (8 Geminorum) is 34 light- 

years away. Both stars are relatively close to us 

on the distance scale of the Galaxy. They are Earth 
also considerably closer than the farthest 

of Gemini’s pattern stars: Zeta (Z) Geminorum, 

which is about 1,375 light-years from Earth. 


~ Castor (a) 51 light-years 


————_—————————_—————_____—_—————— Mebsuta (2) 845 light-years 


to Lambda (A) 100 light-years 


Zeta (C) 
1,375 light-years 


$$ Distance > 
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CANCER 


ALTHOUGH THE FAINTEST OF THE 
ZODIAC CONSTELLATIONS, CANCER IS 
EASY TO FIND BETWEEN THE BRIGHTER 
STARS OF LEO AND GEMINI. 


Cancer represents the crab that attacked the 
hero Hercules as he fought the multi-headed 
monster Hydra. A square of stars form the 
body of the “crab,” and the stars Alpha and lota 
mark its claws. Alpha takes its name Acubens 
from the Arabic for claw. The names of the 
stars Assellus Borealis and Assellus Australis, 
the northern and southern ass, come from 

a different legend featuring a donkey. These 
stars lie on either side of the cluster M44 (also 
known as the Beehive Cluster), which is said 
to represent the donkey's manger. None of 
Cancers stars is particularly bright, and the 
region Is relatively barren. lota is a yellow giant 
with a companion detectable with binoculars, 
and Acubens and Zeta are multiple stars. 


Assellus Australis (6 Cancri) 
An orange giant of magnitude 
3.9, it is 11 times the Sun’s 
width and more than 50 times 
as luminous 


A M44 


Only 600 million years old, M44 (also known as the Beehive 
Cluster or Praesepe) is a relatively loose group of young stars 
spread across an area of sky three times the size of the Full Moon. 
It is visible to the naked eye as a starry swarm, and binoculars 
reveal individual stars of 6th magnitude or fainter. At 590 light- 
years away, it is one of the closest open clusters to Earth. 


Lynx 


Assellus Borealis (y Cancri) 

A white subgiant a little over twice 
the Sun’s mass and width, and 

35 times its luminosity 


= 
mt 


SSA 


Acubens (a Cancri) 

Two white main-sequence 
Stars with two red dwarf 
Stars close by, but seen 
as a single star by the 
naked eye 


Altarf (8 Cancri) 
Cancer’s brightest star, an 
orange giant, 50 times the 

width of the Sun. It has 
a distant and faint red 
dwarf companion 


CANIS MINOR 


169 


KEY DATA 


Size ranking 31 


Brightest stars Altarf (p) 
3.5, Assellus Australis (6) 3.9 B Sey 


Highest in sky at 10pm 
February—March 


CHART 6 


MAIN STARS 


Acubens Alpha (a) Cancri 
White main-sequence star and multiple star 


Ie% 4.3 ¢=> 188 light-years 


Altarf Beta (8) Cancri 
Orange giant and binary star 


$023.5 = 303 light-years 


Assellus Borealis Gamma (y) Cancri. 
White subgiant 


Zoo 4.7 = 181 light-years 


Assellus Australis Delta (6) Cancri 
Orange giant 


302 3.9 => 131 light-years 


DEEP-SKY OBJECTS 


M44 (Beehive Cluster, Praesepe) 
Open cluster 


M67 


A M67 


The open star cluster M67 is about 5 billion years 
old, making it one of the oldest open clusters 
known. It consists of more than 100 stars with the 
same chemical composition as the Sun and red 
giants. Smaller, denser, and 2,600 light-years away, 
it is more distant than M44 (the Beehive Cluster) 
but also covers the width of a Full Moon. It can be 
seen using binoculars. 


CANIS MINOR 


ONE OF THE ORIGINAL CONSTELLATIONS DESCRIBED 
BY THE ASTRONOMERS OF ANCIENT GREECE, CANIS 
MINOR IS SMALL BUT EASILY SPOTTED BECAUSE OF 
ITS BRILLIANT STAR PROCYON. 


Canis Minor is the smaller of Orion's two hunting dogs. The 
little dog is drawn around the constellation’s brightest stars 
Procyon and Gomeisa. Located almost on the celestial 
equator, the constellation has little of interest other than 
Procyon, the eighth brightest star in the night sky. Meaning 
“before the dog” in Greek, the star is so-named because in 
Mediterranean latitudes it rises shortly before the more 
brilliant Dog Star, Sirius (in Canis Major). Procyon and Sirius 
are about the same distance from Earth and their differing 
brightness therefore indicates a true difference in their 
luminosity. Procyon, like Sirius, is a binary with a white dwarf 
companion, Procyon B, visible with a very large telescope. 
Procyon also marks one corner of the Winter Triangle. 


Gomeisa (f Canis Minoris) 
A blue-white main-sequence 
Star that is 195 times more 
luminous than the Sun 


Procyon (a Canis Minoris) 
A white main-sequence star. 
Its white dwarf companion 
orbits it every 40 years 


eipAH 


KEY DATA 


Size ranking 71 


Brightest stars Procyon (a) 
0.4, Gomeisa (8) 2.9 


Highest in sky at 10pm 
February 


MAIN STARS 


Procyon Alpha (a) Canis Minoris 
White main-sequence star and binary star 


020.4 ¢=> 11 light-years 


Gomeisa Beta (8) Canis Minoris 
Blue-white main-sequence star 


302 2.9 => 162 light-years 


A The Winter Triangle 
Procyon (upper left) marks one of the corners of 
this obvious triangle of the northern winter sky. 
The two other corners are formed by the brilliant 
stars Sirius in Canis Major (bottom center) and the 
red giant Betelgeuse in Orion (upper right). 


so1Qg 2000N 


CHART 6 


170 THE CONSTELLATIONS 


LUMINOSITIES Alpha Monocerotis Delta Monocerotis Gamma Monocerotis 


48 Suns 265 Suns 51 D.ouns 


NGC 2264 
This open cluster, about NGC 2244 
2,000 light-years away, At the core of the Rosette 


can be observed with Nebula, about 5,500 light- 

binoculars. Through a years away, Is this elongated 

A LARGE BUT NOT PROMINENT CONSTELLATION. MONOCEROS small telescope it looks star Cluster, which is visible 
i triangular in shape. Its through binoculars. The 

HAS NO BRIGHT INDIVIDUAL STARS. HOWEVER, IT DOES brightest member is Rosette Nebula itself (NGC 
the th-magnitude 223/) is three to four times 

CONTAIN MANY NOTABLE MULTIPLE STARS AND DEEP-SKY star S Monocerotis larger than NGC 2244 


OBJECTS, SUCH AS STAR CLUSTERS AND NEBULAE. 


Monoceros is situated between Hydra and Orion, with Canis Major to the 
south and Canis Minor to the north. Beta Monocerotis is one of the finest 
triples in the sky. Its three 5th-magnitude stars can be separated with small 
telescopes. Delta Monocerotis is a wide, unrelated pair of stars, visible with 
binoculars. Epsilon Monocerotis, of 4th magnitude, has a fainter, unrelated 
companion visible through small telescopes. 

Lying in the band of the Milky Way, Monoceros has many star clusters 
and nebulae. Among the features visible with binoculars are the open 
cluster M50 in the south of the constellation, and NGC 2264 in the north. 
Long-exposure images show a faint nebulosity around NGC 2264, including 
a dark dust lane, the Cone Nebula. Another notable deep-sky object is the 
Rosette Nebula, surrounding the elongated star cluster NGC 2244. 


Delta (5) Monocerotis 
This 4th-magnitude 
Star has an unrelated . MO EEEEEEELLZ_ 
companion, called yf 7 MH eG PELL: 
21 Monocerotis. The wy YY ty 
companion star is 
closer to us than Delta 
Monocerotis and is 
visible with binoculars 
or even sharp eyesight 


——— ——— 
So = 


Wd, 


NGC 2353 


Th 


M50 

An open cluster visible 

through binoculars, M50 

lies about 3,000 light- 

years away. A telescope 

is needed to resolve its 

individual stars, which NGC 2232 

are of 8th magnitude Visible through binoculars, 

and fainter this scattered cluster is 
about 1,300 light-years from 
Earth. Its brightest member 
is the 5th-magnitude star 
10 Monocerotis 


Beta Monocerotis Zeta Monocerotis 13 Monocerotis — 
1,175 Suns 1,655 Suns 142,000,000 Suns © 


KEY DATA 


Size ranking 35 


Brightest stars Alpha (a) 
3.9, Gamma (y) 4.0 


Highest in sky at 10pm 
January—February 


Fully visible 78°N-78°S CHART 6 


MAIN STARS 


Alpha (a) Monocerotis 
Yellow giant 


3e2 3.9 «=> 148 light-years 


Beta (6) Monocerotis 
Triple star; all three are blue-white main sequence stars 


A iseeih » 680 light-years 


Gamma (y) Monocerotis 
Orange giant 


ze: 4.0 » 500 light-years 


Delta (5) Monocerotis 
Blue-white main sequence star 


02 4.2 ¢=> 385 light-years 


A NGC 2237 

The flowery pink gases of NGC 2237 (the Rosette Nebula) 
surround the star cluster NGC 2244. The stars in the 
cluster have been born from the nebula and now light 

up the surrounding gas. The cluster can easily be seen 
through binoculars, but the faint nebula, larger in 
apparent diameter than the Full Moon, shows up well 
only on photographs with large telescopes, as here. 


DEEP-SKY OBJECTS 


M50 
Open cluster of about 80 stars 


Rosette Nebula (NGC 2237) 
Nebulosity around cluster NGC 2244 


NGC 2264 
Open cluster of about 40 stars 


Red Rectangle 
Planetary nebula about 2,300 light-years away 


> Red Rectangle 

The Red Rectangle, seen here through the Hubble Space 
Telescope, is an unusual planetary nebula in which gas 
and dust flowing out from the central star has produced 
a striking X-shaped structure. 


Monoceros was introduced in 1612 by 
the Dutch cartographer Petrus Plancius 


13 Monocerotis 
3,930 light-years 


ee 
ee 
———___+-—*» Epsilon (e) 120 light-years =| Star distances 
; ahs e main pattern stars o 
XN} esta NG) Miveclgne yeas Monoceros vary considerably 
“> Beta (f) 680 light-years in their distances from Earth. 
Alpha (a) 148 light-years The nearest is Epsilon (€) 


Monocerotis (also sometimes 
called 8 Monocerotis), which 
is 120 light-years from Earth. 
The farthest is 13 Monocerotis, 
which is more than 3,900 

< Distance <--> light-years away. 
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LUMINOSITIES 54 Hydrae R Hydrae Pi Hydrae 


7 Suns 37 Suns 4? Suns 


HYDRA gm 
Size ranking 1 


THE WATER SNAKE zone 30 


Highest in sky at 10pm 
February—June 


THE LARGEST OF ALL CONSTELLATIONS, HYDRA 
REPRESENTS A MONSTER SLAIN BY THE GREEK HERO 
HERCULES. THE SIX STARS MARKING THE SERPENT’S 


HEAD ARE THE EASIEST TO PICK OUT. MAIN STARS 
Alphard Alpha (a) Hydrae 
Although the monster confronted by Hercules in the ancient Greek Orange giant 
myths had nine heads, Hydra is depicted in the sky with just a 3 2.0 ¢=> 180 light-years 
single head. The stars depicting the head are in the northern Eanmare ice 
celestial hemisphere, to the south of Cancer, while most of the Yellow giant ae 
body and tail are in the southern celestial hemisphere. Ug Orel 19116 Also known as the Southern Pinwheel, 
The constellations brightest star, Alphard, marks the monster's Epsilon (y) Hydrae this spiral galaxy is similar in structure 
eart. It sits In an otherwise empty looking patcn o sky an e934 dea. HO ae active area of star formation and death. 
derives its common name from the Arabic for “the solitaryone” ti. es The a eal eet sites of 
‘ ‘ . ‘ R Hydrae Star birth. Also visible In this Image are 
The two main objects to look out for in Hydra are the spiral galaxy ete cotend fain aie mover wnanie ae: lies 
M83 and the planetary nebula NGC 3247. - thousands of star clusters and hundreds 


395 5.0 = 405 light-years 


of thousands of individual stars. 


DEEP-SKY OBJECTS 


The largest of the 88 


M68 
constellations, Hydra stretches tees em ssaciiestienaiasecaiieiiaidia 

M83 (Southern Pinwheel) M68 
more than a quarter of the een . sn 6 ota oo blared te 
way around the sky Pandayreacnsinesako cde penkiue rasa es 


Siry, 


' \, : \ mY SANK ri i\ 
\ r— Ss = NN \\\ \ \ \ \\ 
\ =< <> ESO 510-613 — SAW \\ 
j ee > — - es Sh 
, SS M83 tits x 
\ ; F | 
o | 51 M83 
54 NGC 5674 This spiral galaxy is 
52 a favorite target for 
amateur astronomers Centaurus 
58 


ESO 510-913 

Warped edge-on spiral 
galaxy about 150 million 
light-years away 
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os 
Delta Hydrae Epsilon Hydrae Alphard 
46 Suns 67 Suns 425 Suns 


[> Hydra’s size 

Hydra is both the longest constellation and 
the largest measured by area. It is so long 
that it takes six hours to rise above the 
horizon. Four constellations of the zodiac— 
Cancer, Leo, Virgo, and Libra—lie along 
Hydra'’s northern boundary. Pa 


Celestial equator y 


Celestial sphere Constellation 
pattern projected 

on inner surface 

of celestial sphere 


A NGC 3242 


This planetary nebula is known as the Ghost 

of Jupiter because it looks like a misty cloud of 
about the same size and shape as Jupiter when 
viewed with a small telescope. 


NGC 3242 

A planetary nebula, 
also Known as the 
Ghost of Jupiter 
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Delta (5) 160 light-years 


y 


Eta (n) 
585 light-years 


ae a a Alphard () 180 light-years 


Earth ; a —— 
> Star distances ni ee 
@ R 405 light-years 


Although they lie close together 
in the sky, the stars in Hydra's 
head are at widely differing 
distances—from Delta (8) Hydrae 
160 light-years away to Eta (n) 
Hydrae at 585 light-years. oLLLLLLLLULULLLLLLLMMhMhMhmhmh__ Distance S 


Pi (st) 101 light-years 
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S EXTA Ni S a I E G EX TA \ a basa (a) ieee KEY DATA 
267 light-years from fat, —_Sizeranking 47 


is found just south of the Brightest stars Alpha (a) 
celestial equator 4.5, Gamma (y) 5.1 


Leo 


THIS FAINT CONSTELLATION LIES 
DIRECTLY ON THE CELESTIAL EQUATOR. 
IT CAN BE FOUND CLOSE TO THE STAR 
REGULUS IN LEO. 


Highest in sky at 10pm 
March-April 
Just three stars define the Sextant, a 
constellation identified by the Polish 
astronomer Johannes Hevelius in 1687. 
It represents an instrument used on board 
ship for position-finding. Sextans’ stars 
are relatively dim, its brightest being only 
magnitude 4.5, and none are named. Its 
galaxies are best viewed through large 
telescopes. NGC 3115, called the Spindle 
Galaxy because it appears spindle-shaped 
in the sky, is magnitude 8.5 and just visible 
through binoculars in good conditions. — | A NGC 3115 © | 

> -* cs This huge lenticular galaxy is seen edge-on from 
Two unrelated stars of 6th magnitude, iS’ flac Earth. Its central bulge of stars is clearly visible. 
17 and 18 Sextantis are close by and : ss A supermassive black hole is hidden from view, 


| nieieth isi | deep inside. Also known as the Spindle Galaxy, the 
also only visible througn binoculars. galaxy is about 30 million light-years away. It is not 


to be confused with the Spindle Galaxy in Draco. 
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Gienah (y Corvi) 
CORVUS THE CROW netamisigen KEY DATA 
Corvus, this blue-white ; : 
Vi giant star lies 154 oe ee 
ITZo light-years from Earth Brightest stars Gienah (y) 


2.6, Beta (B) 2.6 


THIS CONSTELLATION’S SHAPE IS 
DEFINED BY ITS FOUR BRIGHTEST 
STARS, WHICH FORM THE BODY 
OF THE CROW. 


Highest in sky at 10pm 
April-May 
Corvus is the sacred bird of the Greek 
god Apollo. Its story is linked with that 

of neighboring Crater (the cup) and 
Hydra (the water snake). Dispatched by 
Apollo to collect water in a cup, the crow 
returned with neither but with a water 
snake instead. The constellation is best 
found by looking southwest of the star 
Spica in Virgo. One corner of Corvus's 
rectangle shape Is marked by Delta Corvi. 
This double star consists of a bright 
3rd-magnitude blue star orbited by 

a dimmer star. Corvus contains the 
Antennae Galaxies, one of the nearest 
and youngest pairs of colliding galaxies. 


A NGC 4038 and NGC 4039 


The faint tails of stars, gas, and dust that extend 
from NGC 4038 and NGC 4039 give the galaxies 
their popular name of the Antennae. The tails 
formed when the galaxies started to interact a few 
hundred million years ago. The galaxies’ collision 
led to the creation of huge star-forming regions 
surrounded by glowing hydrogen gas. 


CRATER THE cup 


REPRESENTING THE DRINKING CUP OF THE GREEK GOD APOLLO, CRATER IS 
USUALLY DEPICTED AS A DOUBLE-HANDLED CHALICE. FAINT AND INDISTINCT, 
THIS CONSTELLATION MAY BE MORE EASILY LOCATED IF IMAGINED AS A 
LARGE BOW TIE IN THE SKY. 


One of the original 48 constellations from Crater has no brilliant stars, the brightest being Delta, 
Greek mythology, Crater's story links it with at magnitude 3.6. A large telescope is needed to see 
its neighboring constellations Corvus (the crow) any deep-sky objects, such as the barred spiral 


and Hydra (the water snake). Apollo is said to have galaxy NGC 3981. This and galaxies NGC 3511 and 
placed the three together in the sky. He was angered NGC 3887 were discovered by British astronomer 
that the crow not only was slow to return from a William Hershel in the mid-1780s. Much more 
water-collecting trip, but then lied that the water distant, about 6 billion light-years from Earth, is 
snake had prevented him from collecting any water. the quasar RX) 1131. 
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Delta (5) Crateris 
Lying 195 light-years 
away, this star is an 
orange giant and, 

at magnitude 3.6, 

the brightest in Crater 
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Gamma (y) Crateris 
A white binary star that 
shines at magnitude 
4.1. Its companion can 
be discerned through a 
small telescope 


NGC 3511 


KEY DATA 


Size ranking 53 


Brightest stars Delta (5) 


3.6, Alkes (a) 4.1 


MAIN STARS 


Alkes Alpha (a) Crateris 
Orange giant 


Delta (5) Crateris 
Orange giant 


CRATER 


175 


set 41 = 159 light-years 


3e5 3.6 = 195 light-years 


DEEP-SKY OBJECTS 


NGC 3511 
Barred spiral galaxy 


NGC 3887 
Barred spiral galaxy 


NGC 3981 
Barred spiral galaxy 


RXJ 1131 


Quasar powered by a supermassive black hole 


A RXJ 1131 


Alkes (a Crateris) 

An orange giant of magnitude 
4.1. Its name is derived from 
the Arabic for “cup” 


NGC 3511 
A barred spiral galaxy tilted 


Hydra 11h 


almost edge-on to Earth 


The four pink dots in this image are the quasar 
RX) 1131. The multiple images are the result of 
the quasar's light being bent by an elliptical galaxy. 
That galaxy, seen in the center, is on the same line 
of sight as RXJ 1131 but is much closer to us. 


THE CONSTELLATIONS 


NGC 5139 
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NGC 4945 
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NGC 5128 (Centaurus A) 
Elliptical galaxy visible through 
small telescopes. More powerful 
telescopes reveal a dust lane 
resulting from a merger with 
another galaxy NGC 5460 
-50° 
NGC 5460 
scattered cluster of some 
90 stars visible through 
binoculars, larger in apparent 
size than the Full Moon NGC 5139 (Omega Centauri) 
Largest and brightest globular 
cluster in the sky, visible to the 
naked eye as a fuzzy star. Viewed 
through binoculars, It appears 
larger than the Full Moon 
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Rigil Kentaurus (a Centauri) 
Binary star easily divided in a 
small telescope. The star has 
a combined apparent 
magnitude of —0.28 


A Boomerang Nebula 

Two fans of gas, each nearly a light-year long, can be seen 
streaming away from a central star in this Hubble Space 
Telescope image. Over the past 1,500 years, the central star has 
lost nearly one and a half times the mass of our Sun. The nebula 
is named for its appearance through ground-based telescopes. 


14h 


Gamma Centauri 
783 Suns 


> SNGC 4650A 
o- SgG4622 


Boomerang 
Nebula 


<> 


CENTAURUS 177 


Eta Centauri . Epsilon Centauri © Hadar 


895 Suns 7,815 Suns 7,170 Suns 


CENTAURUS <2 


Brightest stars Rigi 


T LI E C E \| 7 A L) R __Kentaurus (a) -0.1, Hadar 8) 0.6 


A PROMINENT SOUTHERN CONSTELLATION “Highest in sky at10pm__ 
THAT CONTAINS THE CLOSEST STAR TO THE ct ese 
Fully visible 25°N—90°S 
NGC 3918 SUN, AS WELL AS THE BRIGHTEST GLOBULAR Peer er unr nae Te tenn Seen eeT as tat aren 
(ae ae CLUSTER VISIBLE FROM EARTH. MAIN STARS 


as a rounded blue disk, 


hence its popular name: Centaurus is one of the 48 constellations known to the 
Blue Planetary Nebula 


Rigil Kentaurus Alpha (a) Centauri 


Pair of yellow and orange main-sequence stars 


ancient Greeks. It represents Chiron, a wise centaur who sy. 0.08 ‘=> 4.4 light-years 


taught the gods and mythical heroes of ancient Greece Hadar Beta (8) Centauri 


in his cave on Mount Pelion. Blue-white giant 

Rigil Kentaurus (Alpha Centauri) appears to the naked == 06 => 390 light-years 
—Vitiittiamhimmeuena “aur 
by Sirius and Canopus. A telescope splits it into a pair Blue-white subgiant 
of golden-yellow stars that form atrue binary, orbiting = 22 130 light-years 


each other every 80 years. It is the closest star to the Sun _Epsilon (e) Centaur 
visible to the naked eye. But there is also a third member Svea izalant 


3e= 2.3 = 430 light-years 
of the system, only visible with a telescope—a red dwarf us deem rare: ik ee a | 
called Proxima Centauri, over one-tenth of a light-year ae alisees 
| , " L " ei ae Blue-white main-sequence star 
closer to the Sun than the other two, ma Ing Pe 7 30 03 ¢=> 305 light-years 
closest Star of all. In the heart of the constellation lies  arTevGyeantany Poe Ya Sp REIT Pn or PREPPY FTV THIET EREOPMY a TD PSE TEES ROW AU RCT 
NGC 5139 (Omega Centauri), a globular cluster so Orange giant 
bright that it was at first catalogued as a star. NGC 5128 see 2.1 ¢=> 59 light-years 
(Centaurus A) to its north is thought to be the result 
of a merger between an elliptical and a spiral galaxy. DEEP-SKY OBJECTS 
NGC 5139 (Omega Centauri) 
Globular cluster 
Boomerang Nebula 
Planetary nebula 
NGC 3766 
Open cluster 
NGC 3918 (Blue Planetary Nebula) 
Planetary nebula 
V Star distances PEI BB a ee ES ee WEE SE TOES PS RE Ge Oa ESE AN a OSE Signa Na SOD SNE OTE EE aE DIPS a ae Ear TOUTES av SUSU SO eng So ON 
Centaurus contains the closest star to the Sun, NGC 5128 (Centaurus A) 
Proxima Centauri, at a distance of only 4.2 Peculiar galaxy and radio source 


light-years. Epsilon, one of the stars of the greatest 
magnitude in the constellation, is 100 times 
farther away, and Omicron’, the most distant 

star, is almost 1,400 times farther away. 


Mu (u) 505 light-years 
9 Zeta (E) 382 light-years 


~~» Epsilon (e) 430 light-years 


—@ 
Proxima Centauri 
4.2 light years 


Omicron! (o') 
5,/20 light-years 


J 11111. Distance aT 


178 THE CONSTELLATIONS 


CRUX 


148 Suns 


TRE SOUTHERN CROSS 


ALTHOUGH IT IS THE SMALLEST CONSTELLATION OF ALL, CRUX IS ONE OF THE 
MOST DISTINCTIVE DUE TO ITS FOUR BRIGHT STARS. CROSSED BY THE MILKY 
WAY’'S STAR-RICH PATH, IT HOSTS ONE OF THE GEMS OF THE SOUTHERN NIGHT 


SKY: THE JEWEL BOX CLUSTER. 


Situated between the legs of Centaurus, Crux is the 
sky's most compact grouping of four bright stars. Its 
brilliant stars were known to the ancient Greeks but 
only mapped as a separate constellation in the 16th 
century. Crux first appeared in its modern form on 
the celestial globe of cartographer Petrus Plancius 
in 1598. Initially called Crux Australis, the Southern 
Cross, it is now known simply as Crux. The southern 
end of its cross-shaped pattern is marked by the 
constellations brightest star, Acrux. It, Mimosa, 


Mimosa (6 Crucis) 

A blue-white giant; also 

a variable that changes in 
magnitude between 1.25 
and 1.35 every 6 hours 


Acrux (a Crucis) 

A blue-white subgiant; 
a telescope reveals it 
has a blue-white main- 
sequence companion 
star of magnitude 1.8 


and Gacrux are in the top 25 brightest night-time 
stars. More distant than Crux’s four main stars, at 
about 600 light-years away, is a wedge-shaped dark 
patch of sky named the Coalsack. This dark nebula 
of gas and dust Is visible to the naked eye because 
it blocks out light from the dense Milky Way star 
fields behind it. Just north and about ten times 
more distant than the Coalsack is the Jewel Box 
Cluster (NGC 4755). This appears as a fuzzy star to 
the naked eye but binoculars reveal individual stars. 


Gacrux (y Crucis) 

A red giant at least 85 times the 
width of the Sun; it has an unrelated 
6th-magnitude companion star 
wwwthat is visible with binoculars 


Delta (6 Crucis) 

A blue-white star that 
is moving from the 
main-sequence to 
the red-giant stage 
of its life 


Epsilon (<) Crucis 

An orange giant with 
about 1.4 times the Sun’s 
mass and 33 times its 
width; it lies 230 light- 
years away and has a 
magnitude of 3.6 


> Locating the South Celestial Pole 
Crux has been used for centuries 
as a pointer to the South Celestial 
Pole. Its bright stars and the two 
brightest in Centaurus (Hadar and 
Alpha Centauri) are easy to spot, 
as can be seen in the photograph 
above. Extend southward a line 
connecting Gacrux and Acrux, and 
an imaginary line bisecting Alpha 
Centauri and Hadar. The two cross 
just east of the South Pole, the 
nearest star to which is Sigma 
Octantis in Octans. 


158 Suns 


KEY DATA 


Size ranking 88 


Brightest stars Acrux (a) 
0.8, Mimosa (B) 1.25-1.35 


Highest in sky at 10pm 
April-May 


MAIN STARS 


Acrux Alpha (a) Crucis 
Blue-white subgiant; also a double star 


€® 322 light-years 


Mimosa Beta (B) Crucis 
Blue-white giant; also a variable star 


Jet 1.25-1.35 <= 278 light-years 


Gacrux Gamma (y) Crucis 
Red giant 


Delta (5) Crucis 
Blue-white subgiant 


= 345 light-years 


DEEP-SKY OBJECTS 


NGC 4755 (Jewel Box Cluster) 
Open cluster 


Coalsack Nebula 
Dark nebula 


Gacrux 


Acrux 


Hadar 


Alpha 
Centauri 


Actual South Celestial Pole 


LUMINOSITIES Gamma Crucis Epsilon Crucis 


Sigma Octantis Sy 


CRUX 


Delta Crucis Mimosa Acrux 
750 Suns 2,010 Suns 4180 Suns 
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> Star distances i — Delta (5) 
Three of Crux’s four pattern stars lie at 7 ae 
similar distances from Earth: Mimosa at ioe Pe Baaiunlesls 
278 light-years, Acrux at 322 light-years, ie 

and Delta (y) Crucis at 345 light-years. 

Gacrux, marking the northern end of the 

cross, is the constellation’s nearest pattern 

star. In fact, at only at 89 light-years away, it 

is also one of the nearest known red giants. 


a Acrux () 
"Fog 302 light-years 
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SN 1006 
A supernova remnant about 60 light-years across 
and 7,000 light-years away. It is the remains of 


the brightest supernova in recorded history 


wre | THE WOLF 


THIS CONSTELLATION LIES ON THE EDGE OF THE 
MILKY WAY, BETWEEN SCORPIUS AND CENTAURUS. 
THE PATTERN OF THE WOLF IS DIFFICULT TO 
RECOGNIZE, BUT IT CONTAINS STARS OF INTEREST. 


Lupus was first outlined as an unspecified wild animal impaled 
on a pole carried by Centaurus, but is drawn as a separate 
wolf in modern times. Its two brightest stars, Alpha and Beta, 
mark its hind legs, and the globular cluster NGC 5986 marks 
its head. Stargazers might find a wolf easier to picture if Alpha 
is imagined in its mouth, and Beta in the back of its neck. 
PS ae _s Small telescopes reveal that stars Kappa and Mu are double 
aa stars, and a larger telescope shows that Mu is really a triple star. 


KEY DATA 


Size ranking 46 


Brightest stars Aloha (a) 
2.3, Beta (B) 2.7 


HHT Highest in sky at 10pm 
‘Aly May—June 
| Fully visible 34°N-90°S CHART 4 

A The Retina Nebula Mie i? a nee eee 
Viewed from Earth, this planetary nebula appears | | | | | 
rectangular, but it is ring-shaped and we are it MAIN STARS 
viewing from the side. In its center is a dying star AN HALT i \ \ § : 
that has pushed off the ring of gas and dust. SNA as ae \\" | a Alpha (a) Lupi 

NaC S882 \ ay Blue giant star 
V SN 1006 to shes of gas moving E28 se AOA gneyeas 
Ten images, taken over eight days by the out from a central dying Beta (6) Lupi 
Chandra X-ray Space Telescope, are combined star; an elongated shell 
in this view of SN 1006. The supernova surrounded by an AIMS GUM SIE: 
remnant was created when a white dwarf star aspherical shell sex 27 = > 383 light-years 


exploded and blasted its material into space. 


4s NGC 5822 Gamma (y) Lupi 
a Blue giant star in a binary system 
“% 7. 305 2.8 «=> 421 light-years 


DEEP-SKY OBJECTS 


~ ee NGC 5882 


Asymmetrically shaped planetary nebula 
praale sin ee NGC 5986 
magnitude 2.3, this is 
the brightest star in Lupus. Herel rd er tb reer op i reer coon eerie 
About ten times the mass of The Retina Nebula (IC 4406) 


the Sun, its luminosity varies Planetary nebula 

SIIGMUV IMG SEVEN-NOUr CyCIe; 
SN 1006 
Supernova remnant 


NORMA 181 


erep bebo 


THIS IS A SMALL CONSTELLATION THAT WAS ONLY 
CREATED IN THE EARLY 1750s, AND LATER REDUCED 
IN SIZE. IT LIES ON THE PATH OF THE MILKY WAY 
AND IS RICH IN STAR FIELDS. 


When the stars in this region of sky were formed into a 
constellation by the Frenchman Nicholas Louis de Lacaille it 
was called Norma et Regula, the square and the ruler. Changes 
to constellation boundaries saw the stars marking the ruler 
being reassigned to neighboring Scorpius. One result of 

this is that present-day Norma has no stars designated Alpha 
or Beta. The set-square pattern is made of a right-angled trio 
of stars that is difficult to make out against the Milky Way. 


Scorpius 


Mu (u) Normae 

This blue supergiant 

is one of the most 
luminous stars known. 
At least 330,000 times 
the Sun’s luminosity 
and 3,200 light-years 
away, it is visible to the 
naked eye 


Gamma? Normae 

A yellow giant and the 
closest of the two stars that 
make up the optical double 
Star Gamma Normae 


NGC 6087 


NGC 6087 
An open cluster of about | 
40 hot, young blue-white —__|6n) 


Stars. It is about 3,000 <= 


light-years distant but is 
visible to the naked eye 


A ESO 137-001 


False color highlights two trails of cool gas behind 
galaxy ESO 137-001. The galaxy is heading toward 
the center of the Norma Cluster, the closest 
massive galaxy cluster to the Milky Way. The 

trails could have formed when gas was stripped 
from the galaxy’s spiral arms. 


Gamma' Normae 
The farther of two stars on 
the same line of sight that 
make a double star 


NGC 6067 

An open cluster of around 
100 stars, about 4,600 
light-years from Earth. It 
covers an area of sky 
about half the apparent 
diameter of the Moon 


KEY DATA 


Size ranking 74 


Brightest stars Gamma? 
(y?) 4.0, Epsilon (e) 4.5 


June 


CHART 2 


MAIN STARS 


Gamma’ (y') Normae 
Yellow supergiant, part of a double star with Gamma? 


se 5.0 «=> 1,436 light-years 


Gamma? (vy) Normae 
Yellow giant, part of a double star with Gamma! 


Zee 4.0 => 129 light-years 


Epsilon (<) Normae 
Double star with components of Sth and 7th magnitude 


feo 4.5 => 400 light-years 


Eta (rn) Normae 
Yellow giant star 


ae A => 218 light-years 


DEEP-SKY OBJECTS 


NGC 6067 
Open cluster 


NGC 6087 
Open cluster 


NGC 6167 
Open cluster 


Shapely 1 
Planetary nebula, also known as the Fine Ring Nebula 


Abell 3627 
Cluster of galaxies, also Known as the Norma Cluster 


A Shapley 1 

Discovered by Harlow Shapley in 1936, this 
planetary nebula is a ring of gas seen face-on. In 
its center is not a single star, but a binary system 
that cast off the surrounding gas many thousands 
of years ago. The interaction of the two stars 
shaped the ejected gas into an almost perfect ring. 
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SOUTH OF SCORPIUS, ARA LIES WITHIN THE PATH 
OF THE MILKY WAY. ONE OF THE 48 GREEK 
CONSTELLATIONS, IT DEPICTS AN ALTAR FROM 
ANCIENT GREEK MYTHOLOGY. 


A NGC 6326 


Gas is hurtling away from a white dwarf star in the 
center of this planetary nebula about 11,000 
light-years from Earth. In this image, the red color 
indicates hydrogen and the blue is oxygen. 


<1 NGC 6362 

The center of this globular cluster contains blue stars 
formed by stellar collisions or the transfer of material 
between stars, which results in the stars heating up 
and looking younger than their neighbors. 


Ara was the altar where the Greek gods swore allegiance 
before entering into battle with the Titans for control of 
the Universe. Eventually, the gods were victorious and the 
leading god Zeus placed the altar in the sky in gratitude. 

The constellation is easy to locate, although its pattern is 
obscure within the Milky Way's band of stars. Ara's brightest 
stars, Beta and Alpha, and the star cluster NGC 6193, can 
be seen with the naked eye. Also noteworthy are globular 
clusters, such as NGC 6397 and NGC 6362, and Mu Arae, 
a Sun-like star orbited by at least four planets. 


pj 
Us 


KEY DATA NGC 6352 
a A loosely packed 
Size ranking 63 globular cluster of 
aibsaiatone tka geass antes haat aia ba gd aaa stars born more than 
Brightest stars Beta (() Ral 12 billion years ago. 
ee LARA The cluster is 19,500 
Genitive Arae SKY (ee light-years away, with 
ie Shee oe cooeeseceeneeceesnseecenesnecennenaes wi Aer | magnitude of 7.8 
Abbreviation Ara 4 eater, My 
Highest in sky at 10pm ent 
June—July 
Fully visible 22°N—90°S CHART 2 2 
ee Alpha (cx) Arae a 
At magnitude 3.0, this 
MAIN STARS Star is easy to spot. It is = 
about 4.5 the Sun's size & 
pie (a) Age and 9.6 times its mass 
Blue-white main-sequence star 
3e% 3.0 «= 267 light-years 
Beta (6) Arae 
Orange supergiant NGC 6397 
ste ey Lying 8,200 light-years 
be eee vo OUI away, this is one of the 
closest globular clusters 
ee to us. It is relatively large 
DEEP-SKY QBJECTS in the sky—over half the 
apparent diameter of the 
NGC 6193 and NGC 6188 Full Moon 
Open cluster and an associated emission nebula 
NGC 6326 
Planetary nebula Beta (6) Arae 
PRS II OR OES LT PHENO E NEE IOE. POO EERE EET R RT ROE TPO OEE REE NORE SR OP TERE, The brightest star in Ara, at 
NGC 6352 magnitude 2.9, Beta is easy to 
Globular cluster spot with the naked eye. It is xa 
ee Tee TT ea eT TT eee ea about 50 million years old and © NGC 6362 
NGC 6362 seven times the mass of the Sun < This globular cluster 
Globular cluster © lies about 25,000 
NEE ad light-years away and 
NGC 6397 consists of stars about 
Globular cluster Hee 10 billion years old 
Stingray Nebula / 


Small, young planetary nebula i 


CORONA AUSTRALIS 183 


hrs Pet Bs 


, P 
' f , 4 > | J q “a i\ J » | ’ a > i, HY) h \N 
\ | | \ | | q rf i rk 4% Y yf | XQ 
; ' , ~~ | ; ess) ge X | — “if |X’ 7 i) x 
| _ \ | | | | ~ ~ \ ~ {} . \ | q 

| » i i | | \| Xv . ¥ | N \ I 1 7 a 7 XQ FE 

| | yg N y A \ y | }| | » | a Q Y . A VV VW Al 
| I | ~ Yi _ r) © _~ of W Ww X 
| | os | il XY I N Ne | . = / U | a N 


COR ALIS 


ONE OF THE SMALLEST CONSTELLATIONS, CORONA 
AUSTRALIS IS ALSO ONE OF THE ORIGINAL 48 
GREEK CONSTELLATIONS, ALTHOUGH IT IS NOT 
ASSOCIATED WITH ANY PARTICULAR MYTH. 


The pattern of the crown of Corona Australis is not golden 
and jewel-studded like the Northern Crown, Corona 
Borealis, but a wreath of leaves. Other cultures saw the stars 
differently. To the ancient Chinese, its stars represented a 
turtle, while indigenous Australians saw a boomerang or 

a coolamon (a shallow dish). 

None of the constellations stars is particularly bright but 
the curved shape they form makes the constellation easy to 
spot. Its two brightest stars, Alpha and Beta, appear 
indistinguishable but are very different. Beta is the bigger 
and more luminous—although almost four times farther 
away than Alpha, it shines with the same brightness in our 
sky. In the north of the constellation a huge region of 
nebulosity includes NGC 6729, one of the closest 
star-forming nebulae to us, lying about 400 light-years away. 


A Coronet Cluster 


This infrared and X-ray image shows young stars in 
the Coronet Cluster. Located near NGC 6729 and 
about 420 light-years away, the cluster is one of the 
nearest and most active regions of star-birth. 


<1 NGC 6729 

The youngest stars in this nebula are hidden inside 
dense gas and dust clouds. These young stars are 
throwing off high-speed jets of material that create 
shock-waves in the gas and cause it to shine. 


Alpha (a) Coronae Gamma (y) Coronae 
Australis Australis KEY DATA 
A main-sequence star like A binary whose components : . 
the Sun but white, more orbit each other every 122 enn ee "| 
than twice the Sun’s size, years; divisible with a small Brightest stars Alpha (a) LX NLM 
and 31 times as luminous telescope 4.1. Bet A Pay 
oly € a (B) : pete \ | 
calamari hdr sind ease Sarasdueshudh ave oncanaia:stddesecamanaer# enna i a mee cs i 2s, 
Genitive Coronae Australis TA We] 
se eeehee teenie. soveteeenneeeennecosenereennnerensnerten HW! —_ Wh UA wr 
Abbreviation CrA Tiles a's) 
udSactact head Waneeaneaeeioaeoattenaaton Lr 
Highest in sky at 10pm | ar LAN 
July-August 
Fully visible 44°N—90°S CHART 4 
Beta (6) Coronae 
Australis MAIN STARS 
A giant star 43 times the 
size of the Sun and 730 Alpha (a) Coronae Australis 


times more luminous. It is 
13 times more luminous 


White main-sequence star 


than Alpha but the same n (OSA em V26 light-years 
brightness in the sky due O 
to its greater distance fo) Beta (B) Coronae Australis 
ia Yellow giant 
= set 4.1 «=> 475 light-years 
aes 
DEEP-SKY OBJECTS 
NGC 6541 
NGC 6541 ln 
A globular cluster about NGC 6729 
22,000 light-years away. eee 
Viewed through binoculars, Sve Siouulle) Wea ~rrrerapesseecen sneresteen career omncemnamnrananntn tet tes 
it is about one-third of the Coronet Cluster 


apparent diameter of the 
Full Moon _Dpen cluster Sere idee oes 
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LUMINOSITIES Omega Sagittarii 


SAGITTAI 
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Arkab Posterior 
29 Suns 


ARIUS 


A LARGE ZODIACAL CONSTELLATION, SAGITTARIUS REPRESENTS A 
MYTHICAL CREATURE CALLED A CENTAUR, PART-MAN, PART-HORSE, 
HOLDING A BOW AND ARROW. IT LIES IN A RICH AREA OF THE MILKY 
WAY AND CONTAINS THE CENTER OF OUR GALAXY. 


Sagittarius is most easily identified by the 
teapotlike shape formed by its main stars. The 
Teapot asterism is made up of eight stars. Zeta, 
Sigma, Tau, and Phi form the handle, Gamma, 
Delta, and Epsilon form the spout, and Lambda 
forms the top of the lid. The brightest star in 

the constellation is Epsilon, not Alpha, as is 
typically the case in other constellations. In 
Sagittarius, Alpha is magnitude 4.0, whereas 
Epsilon is magnitude 1.8. 


V Star distances 


Sagittarius’ main pattern stars vary between 78 and about 3,600 
light-years from Earth. The nearest, Lambda (A) Sagittarii, forms 
the top of the lid of the Teapot asterism. As seen from Earth, 
Mu (u) Sagittarii appears relatively close to Lambda but Mu 

is actually the constellation’s most distant pattern star and is 
more than 3,500 light-years farther from Earth than is Lambda. 


Sagittarius contains dense Milky Way star 
fields, because the center of our Galaxy lies 
in this direction. The exact center is marked 
by the radio source Sagittarius A*, thought 
to be the site of a supermassive black hole. 
Charles Messier catalogued 15 objects 
in Sagittarius, more than in any of the other 
constellations. Notable examples include 
M8 (the Lagoon Nebula), M20 (the Trifid 
Nebula), and M22, a bright globular cluster. 


<| Red Spider Nebula 
Huge waves sweep 
through NGC 6537, a 
spiderlike planetary 
nebula.The waves are 
caused by the expanding 
outer layers of the central 
star compressing and 
heating the surrounding 
interstellar gas. 


Upsilon (v) 1,780 light-years 


— Lambda (A) 78 light-years 
~~ Delta (5) 350 light-years 


Oe Theta! (6!) 520 light-years 


Earth 


& ae 


Rukbat 
70 Suns 


Little Gem Nebula 
Also known as 
NGC 6818, a planetary 
nebula about half a 
light-year in diameter 
and lying about 6,000 
light-years away 


ns | 


Mu (u) 


3,600 light-years \ 
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Arkab Prior Kaus Australis Nunki Upsilon Sagittarii 
210 Suns a25 SUNS 640 Suns 4,050 Suns 


KEY DATA 


M22 . . 
One of the brightest globular _Size ranking 19 Ge ees 
clusters, visible through Brightest stars Kaus 
binoculars as a hazy patch about Australis (2) 1.8, Nunki (6) 2.1 

two-thirds the diameter of the soveeeneseeniseesnecenesreneseenescen vecenreeneeeneennecaees 

19h Full Moon Genitive Sagittarii 

3 Abbreviation Sgr 

Omega Nebula Highest in sky at 10pm 
Nebula visible through binoculars July-August 

and small telescopes, shaped “Fully visible 44°N—90°S 
a like acaptial Greek letter OMGGd = = = =§«-_—#-« «Cs ibbtaeatnnesnnsicenduntesarenuntennnsstenctbnusecnectnnsstaness 


(Q). Also known as M17, or the 


Swan or Horseshoe Nebula MAIN STARS 


Rukbat Alpha (a) Sagittaril 
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SS P= 
: 
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Trifid Nebula Blue-white main-sequence star 
Also called M20, a nebula sie Bhi 
divided into three parts by ___..... . ee aaa 


dust lanes. Best seen in Arkab Prior Beta‘ (B") Sagittarii 


5 long-exposure photographs 


: 
7 
a) 
bi 


Blue-white main-sequence star 
Ze 4.0 = 310 light-years 


Arkab Posterior Beta? (62) Sagittarii 
White main-sequence star 


tee 4.3 => 134 light-years 


Alnasl Gamma (y) Sagittari 
Orange giant 


Je 3.0 «=> 97 light-years 


Kaus Media Delta (6) Sagittarii 
Orange giant 


30% 2.7 ¢=> 350 light-years 


Kaus Australis Epsilon (e) Sagittari 
Blue-white giant 


305 1.8 ¢= 143 light-years 
— Se N\A | Ascella Zeta (¢) Sagittari 
Mee x H VEX. | Blue-white main-sequence star 
RA. = 7 YES, 3e5 2.6 «=> 88 light-years 
\\ \" ~ ‘ = eS ~ = ‘. | geese escola amano ato at rc Cece ate acer het chee fsraeed vie 
i | S ei PANS Kaus Borealis Lambda (A) Sagittari 
TPES S a, Pe. Orange subgiant 
WH A 5 sod NGC 6565 | | 
| \\ _—_ SS <>) 302 2.8 ¢= 78 light-years 


Nunki Sigma (o) Sagittarii 
Blue-white main-sequence star 


02 2.4 ¢=> 228 light-years 
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DEEP-SKY OBJECTS 


i, NGC 6723 PS 
“4 yy, M8 (Lagoon Nebula) 
KK Emission nebula 
M17 (Omega Nebula) 
XE Emission nebula, also called Swan or Horseshoe Nebula 
-A0° M20 (Trifid Nebula) 
SY) Emission and reflection nebula 
Ol M22 
Globular cluster 
ye 1 a NGC 6537 (Red Spider Nebula) 
agoon NeDula Planetary nebula 
Also called M8,an = = —=—s_ gjuiseiaaaiaaaaanae y SNe aA oN I NER STO ET MON UCT 
, sr a tar a NGC 6818 (Little Gem Nebula) 
5 imes the width of the Fu P| bul 
B Moon andeasily visible reese neue) MeO le eC aaa RO CREE 
= ae 6? Arkab Prior (6' Sagittarii) with binoculars; contains NGC 6565 
— A 4th-magnitude star that the star cluster NGC 6530 Planetary nebula 
can be separated with the Eee Cer ee eee e ee ee TOLER eT eT ere ee Te are eee ee eRe eI TR er ee rr ene Oren Ce oe mr ern Crm 


naked eye from its 
unrelated companion Arkab 
Posterior (B? Sagittaril) 
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CAPRICORNUS 


THE SEA GOAT 


THE SMALLEST CONSTELLATION OF THE ZODIAC, CAPRICORNUS DEPICTS A STRANGE 
CREATURE THAT IS HALF GOAT AND HALF FISH. IT LIES BETWEEN SAGITTARIUS AND 
AQUARIUS AND CONTAINS SOME INTERESTING STARS. 


The ancient Greeks linked Capricornus with one of 
their gods, the goatlike Pan, who turned his lower 
body into that of a fish and hid in a river to escape 
the monster Typhon. Capricornus lacks bright 
clusters and nebulae and its galaxies are mostly 
too faint to be seen with small telescopes but it 


Deneb Algedi (6 Capricorni) 
This white giant takes its 
name from the Arabic for a 
young goat’s tail: a less 
massive companion star 
orbits it every 24 hours 


has stars that can be seen with amateur equipment. 


Alpha Capricorni is an impressive pair of unrelated 
stars: a yellow supergiant (Alpha!, or Algedi Prima) 
and an orange giant (Alpha?, or Algedi Secunda). A 


small telescope reveals that Alpha’ is itself a double, 


and a larger telescope that Alpha? is a triple star. 
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Size ranking 40 


Brightest stars Deneb 
Algedi (6) 2.8, Dabih (B) 3.1 


Highest in sky at 10pm 
August-September 


MAIN STARS 


Algedi Secunda Alpha? (a) Capricorni 
Orange giant and triple star 


202 3.6 ¢=> 105 light-years 


Dabih Beta (8) Capricorni 
Yellow giant and multiple star 


Jet 3.4 = 327 light-years 


Deneb Algedi Delta (5) Capricorni 
White giant and eclipsing binary star 


3922.8 => 37 light-years 


DEEP-SKY OBJECTS 


M30 
Globular cluster 


HCG 87 (Hickson Compact Group 87) 
Compact group of galaxies 


Algedi (a Capricorni) 

An optical double consisting of the yellow 
supergiant Algedi Prima (a') and the 
orange giant Algedi Secunda (a7) 


snrreyise” 


A HCG 87 (Hickson Compact Group 87) 

Three of the four galaxies known as HCG 87 are so 
close that they are affected by their mutual gravity. 
A faint tidal bridge of stars links the disk-shaped 
galaxy seen edge-on (bottom center), to its nearest 
neighbor, an elliptical galaxy (bottom right). The 
third, the spiral galaxy at the top of the image, is 
undergoing intense star formation. The small spiral 
galaxy near the center may be far in the distance. 


PISCIS AUSTRINUS 
THE SOUTHERN FISH 


A SMALL, APPROXIMATELY FISH-SHAPED RING OF FAINT STARS, PISCIS 
AUSTRINUS IS ONE OF THE MOST SOUTHERLY OF THE 48 CONSTELLATIONS 
DESCRIBED BY THE ASTRONOMERS OF ANCIENT GREECE. IT CAN MOST 
EASILY BE LOCATED BY ITS BRILLIANT STAR, FOMALHAUT. 


Piscis Austrinus Is said to be the parent of the two 
fishes that comprise the less obvious constellation 
Pisces. It is notable for its bright star Fomalhaut, 
the 18th-brightest star in the night sky. Fomalhaut's 
name comes from the Arabic for “fish's mouth,’ 
which is where it is located in the constellation. 
This star is also celebrated as the first known to 


KEY DATA 


Size ranking 60 


Brightest stars Fomalhaut 
(a) 1.2, Epsilon (e) 4.2 


Highest in sky at 10pm 
september—October 


Fully visible 53°N—90°S CHART 3 


MAIN STARS 


Fomalhaut Alpha (a) Piscis Austrini 
Blue-white main-sequence star 
3e5 1.2 «=> 25 light-years 


Epsilon (e) Piscis Austrini 
Blue main-sequence star 


305 4.2 = 744 light-years 


DEEP-SKY OBJECTS 


Debris disk around Fomalhaut 
Ring of planet-forming material 


HCG 90 (Hickson Compact Group 90) 
Compact group of galaxies 


Fomalhaut (a Piscis Austrini) 
This brilliant star is only 25 
light-years from Earth; it is a 
blue-white main-sequence star with 
a debris disk and an orbiting planet 


have a disk of material around it. The disk, which is 
several times the diameter of our own Solar System, 
is in the process of forming into planets. One such 
planet has already been spotted; called Fomalhaut b, 
it takes about 1,700 years to orbit its parent star. 
The constellation’s other stars are comparatively faint, 
and has no deep-sky objects of note. 


Epsilon (¢) Piscis Austrini 
A blue main-sequence star 
on the fish’s back. It is 744 

light-years from Earth and is 

of magnitude 4.2 


Aquarius 


PISCIS AUSTRINUS 187 


A HCG 90 (Hickson Compact Group 90) 

These three galaxies are part of HCG 90, a tight 
cluster of 16 galaxies about 110 million light-years 
away. Two are elliptical galaxies; the third is a dusty 
spiral galaxy that has been distorted by interaction 
with the closest of the ellipticals. The spiral is being 
stretched and pulled apart before being engulfed 
by the other two. Eventually, all three will probably 
merge to form one super galaxy. 


Beta (6) Piscis Austrini 
This optical double star is 
135 light-years away; its 
component stars have 
magnitudes of 4.3 and 7.7 
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IC 5148 


THIS CONSTELLATION WAS INTRODUCED TO 
THE SKY AT THE END OF THE 16TH CENTURY. 

ITS DISTINCTIVE FEATURE IS THE LINE OF STARS 
RUNNING FROM THE CRANES BEAK TO ITS TAIL. 


Grus is one of several star patterns devised by Dutch 
navigators Pieter Dirkszoon Keyser and Frederick de 
Houtman, who made observations of the southern sky 
during an expedition to the East Indies in 1595. They 
passed on their observations to the Dutch cartographer 
Petrus Plancius, who created 12 new constellations based 
on those observations, all of which are still recognized 
today. (In addition to Grus, these constellations are Apus, 
Chamaeleon, Dorado, Hydrus, Indus, Musca, Pavo, 
Phoenix, Triangulum Australe, Tucana, and Volans.) 

In Grus, the long line of stars through its neck and body 
can be extended southward to the Small Magellanic Cloud 
in Tucana. Lying within its neck is the naked-eye double 
Delta Gruis, which consists of two giants: a yellow magnitude 
4.0 star, 150 light-years away; and a red magnitude 4.1 star, 
420 light-years away. Other notable objects in Grus include 
the galaxy NGC 7424 and the planetary nebula IC 5148, 
popularly called the Spare Tire Nebula. 


Beta ((3) Gruis 

A variable red giant that changes 
unpredictably in brightness 
between magnitudes 2.0 and 
2.3 as it swells then shrinks 


<1 NGC 7424 

This galaxy is similar in 
diameter to the Milky Way— 
roughly 100,000 light-years— 
and is about 37 million 
light-years away. It is classed 
as an intermediate galaxy, a 
stage between a spiral and a 
barred spiral. Its loosely 
wound arms are dominated 
by young stars, making them 
appear blue; the pale orange 
color of its central ringlike 
structure indicates older stars. 


Also called the Spare Tire nebula, 
a planetary nebula about 3,000 
light-years away. It can be seen 
oe with a small telescope as a ring 
| | surrounding a white dwarf star 


Gamma (Y) Gruis 

A blue-white subgiant, 
about four times the width 
of the Sun; it is evolving 
from a main-sequence 

to a giant star 
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Alnair (ot Gruis) 

The brightest star in Grus, at 
magnitude 1.7. A blue-white 
subgiant, it is about 3.5 times 
the diamater of the Sun 


The stars that form Grus 
were originally part of 
Piscis Austrinus until the 
end of the 16th century 


MICROSCOPIUM 


A IC 5148 

A ghostly shell of gas cast off by a dying star and 
resembling a car tire gives this planetary nebula its 
popular name of the Spare Tire Nebula. The gas 
shell is a couple of light-years across and Is 
speeding away from a white dwarf (the bright 
white object in the center of the planetary nebula), 
which is the remnant of the original star. 


KEY DATA 


Size ranking 45 


Brightest stars Alnair (a) 
1.7, Beta (B) 2.0-2.3 


Highest in sky at 10pm 
september—October 


MAIN STARS 


Alnair Alpha (a) Gruis 
Blue-white subgiant 


302 1.7 ¢=> 101 light-years 


Beta (6) Gruis 
Variable red giant 


$05 2.0-2.3 <> 177 light-years 


Gamma (y) Gruis 
Blue-white subgiant 


E30 210 lightyears 
DEEP-SKY OBJECTS 
NGC 7424 


Intermediate spiral galaxy 


IC 5148 (Spare Tire Nebula) 
Planetary nebula 


MICROSCOPIUM 
THE MICROSCOPE 


A SMALL AND FAINT SOUTHERN CONSTELLATION 
ADDED TO THE SKY IN THE MID-18TH CENTURY, 
MICROSCOPIUM IS A ROUGHLY RECTANGULAR 
PATTERN OF INDISTINCT STARS. 


Microscopium is one of the 14 constellations introduced to the 
sky by the French astronomer Nicholas Louis de Lacaille. South 
of Capricornus, it is located between the more prominent 
constellations of Piscis Austrinus and Sagittarius. Microscopium 
is an almost featureless constellation with no bright stars and 
no deep-sky objects except for galaxies too faint for amateur 
telescopes. Theta is the brightest of several variable stars but its 
variations are difficult to see, only differing by 0.1 magnitude. 


Gamma (vy) Microscopii 
Yellow giant about 10 times the 
size of the Sun and 2.5 times 
its mass; magnitude 4.7 
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Size ranking 66 


Brightest stars Gamma (y) 
4.7, Epsilon (e) 4.7 


Highest in sky at 10pm 
August-September 


MAIN STARS 

Alpha (a) Microscopii 

Yellow giant 

tet 4.9 => 380 light-years 
Gamma (y) Microscopii 

Yellow giant 

305 47 = 230 light-years 


Epsilon (¢) Microscopii 
White main-sequence star 


DEAT > 180light-years 
DEEP-SKY OBJECTS 
ESO 286-19 


Two colliding galaxies 


Debris disk around AU Microscopii 
Dusty material in orbit around a young star 


AU Microscopii 

Faint red dwarf, about 32 light- 
years away and surrounded 

by a ring of dusty, potentially 
planet-forming material 


SNTIe4418eS 


Alpha (c) Microscopii 
Yellow giant about 16 
times the Sun's diameter 
and 160 times its 
luminosity. It forms an 
optical double with a 
magnitude 10 star 


ESO 286-19 

An unusual object lying 
about 600 light-years away 
and consisting of two 
previously disk-shaped 
galaxies in the midst on an 
Ongoing collision 
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SCULPTOR 
THE SCULPTOR 


FAINT AND UNREMARKABLE, SCULPTOR IS EASY TO 
FIND BECAUSE IT LIES DIRECTLY TO THE EAST OF THE 
BRIGHT STAR FOMALHAUT IN PISCIS AUSTRINUS. 

IT IS HOME TO SEVERAL INTERESTING GALAXIES. 


A NGC 253 
Sculptor was introduced to the sky by the French astronomer The largest and brightest of the Sculptor 
Nicolas Louis de Lacaille in 1754. Originally named Apparatus = C/OuP. this spiral galaxy is 17 million 
a. light-years away but at magnitude 7.5 
Sculptoris (the sculptor’s studio), it depicts a marble head, appears as a fuzzy oval in binoculars. 
mallet, and chisel on a stand. However, the star pattern is Aaa cada anlenedls ais Aa 


—_ ; to its high rate of star formation. 
more reminiscent of a shepherd's crook. None of the stars 


is named, and all are 4th magnitude or fainter. It contains Aen 
the Sculptor Group, a cluster of about a dozen galaxies, one jira calaciutpoony dened 
of the nearest to our own Local Group. At the Group's heart is core and diffuse arms, NGC 300 is 

: close to us at just 6 million light-years 
NGC 253, discovered by German-born English astronomer syey cincoprobabiy ics baleen ue 
Caroline Herschel in 1783. Close by is globular cluster NGC 288, and the Sculptor Group. 


discovered by her brother William Herschel in 1785. 


KEY DATA 


Size ranking 36 


Brightest stars Alpha (a) 
4.3, Beta (B) 4.4 


Highest in sky at 10pm 
October-November 


ee 


MAIN STARS 


Alpha (a) Sculptoris 
Blue-white giant star 


20 43 = 776 light-years 


Beta (6) Sculptoris ; ) 
Blue-white subgiant Ny 
se 4.4 «= 174 light-years | AN 


WL 
WN 


NGC 55 AN 


NGC 288 \ > YY allt 
| regular galaxy ee ee eee A loose globular cluster <> Y \ 
oe —— mm AE j 
Spiral galaxy in the Sculptor Group bees th Y iN wey 
asa a ag ad Am a ma magnitude 9.4 | Y, \\\ yw 
\ Ma WY 
NGC 288 \ " tl Vg | 
Globular cluster —_ 7" =~ 
NGC 300 
Spiral galaxy 
NGC 7793 Alpha () Sculptoris NGC 7793 
, The brightest star in Sculptor, A spiral galaxy measuring 
eee ore ee ee this blue-white giant is 776 35,000 light-years across and 
ESO 350-40 (Cartwheel Galaxy) light-years away. It is seven about 13 million light-years 
times the size of the Sun and away. It is one of the brightest 


| Soins le ele Ue CEN Sarco | 1,700 times its luminosity members of the Sculptor Group 


CAELUM 191 


CAELUM eva 


Size ranking 81 


THE CHISEL Ta 


SMALL AND INSIGNIFICANT, CAELUM IS FORMED Abbreviation Cae 
FROM TWO FAINT STARS THAT, LINKED TOGETHER, "Highest in sky at 10pm 
; December—January 
oan aeruenta ey oneneennenrw enranewr “Fully visible 41°N-90°S HART 
One of the smallest constellations in the southern sky, 
Caelum lies between Eridanus and Columba. It was one mentees 
; ‘ ‘ a déil 
of the 14 introduced by French astronomer Nicolas Louis ae be ree raat 
BEA ea Oiiesicana Po Weave TOMS ee 
plane of the Milky Way mean that it has few deep-sky objects Beta (f) Caeli 
so its stars are the main objects of interest. Of them, only White subgiant star 
Alpha, Beta, and Gamma are brighter than magnitude 5. Pores) eee | 
A ESO 350-40 ot 
About 500 million light-years away and 150,000 light- : DEEP-SKY OBJECTS 


years across, this galaxy’s cartwheel shape is the result 
of a huge galactic collision. A smaller galaxy passed 
through a larger spiral, producing shock waves that 
swept up gas and dust. This sparked the birth of 
billions of stars, seen in blue in the outer ring. 


Quasar HE0450-2958 
Quasar, also classed as a Seyfert galaxy 
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Gamma (y) Caeli 

An orange giant of 
magnitude 4.6, this star 
lies on the constellation’s 
western boundary. A small 
telescope reveals it is a 
binary with a companion 
of magnitude 8.1 


A 
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A Quasar HE 0450-2958 

Located toward the north of the constellation, 
quasar HEO450-2958 is unusual in that its host 
galaxy is too faint to be seen directly because it 
is swamped by the quasar’s light. This composite 
image of it is made up of an infrared image from 


Beta (6) Caeli 
A white star moving away 
from the main sequence 


Y to become a giant. It lies ESO's Very Large Telescope and a visible-light 
mn 93 light-years away and image from the Hubble Space Telescope. 
O is of magnitude 5.0 
—N 
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ee 
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a Alpha (a) Caeli 
— This white star is only magnitude 
= 4.5 but it is the brightest in 
ct Caelum. Its much dimmer red 
O° dwarf companion can be seen 
Ai = with larger telescopes 
| ee} 
Beta (6) Sculptoris : a 
This magnitude 4.4 s 
blue-white star is usually 
classed as an aging } 


subgiant but it may be a 
much younger dwarf star 
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FORNAX 


FOUND SOUTH OF CETUS, THIS CONSTELLATION’S PATTERN 
IS A WIDE “V" SHAPE LINKING THREE STARS. IT IS KNOWN 
FOR THE FORNAX CLUSTER OF GALAXIES, AND AS ONE OF 
OUR DEEPEST VIEWS INTO THE UNIVERSE. 


Originally Fornax Chemica, the chemists furnace, Fornax is one of 14 
constellations devised by Frenchman Nicolas Louis de Lacaille after 
surveying the southern sky, in 1751-52. It is home to the Fornax Cluster, 
a rich cluster of galaxies 62 million light-years away. The brighter members 
of the 58-strong cluster can be seen with amateur equipment. The 
elliptical galaxy NGC 1316 (also called Fornax A) is the brightest, and 
also one of the strongest radio sources in the sky. Barred spiral NGC 
1365 is the largest spiral galaxy of the cluster. A tiny region in the north 
of Fornax was specially imaged by the Hubble Space Telescope. Known 
as the Hubble Ultra Deep Field, the image contains 10,000 galaxies and 
is one of our deepest views of the Universe. 


KEY DATA 


Size ranking 41 


Brightest stars Alpha (a) 
3.9, Beta (B) 4.5 


NGC 1398 


— 
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Highest in sky at 10pm 
November—December 
Fully visible 50°N—90°S CHART 3 
MAIN STARS Alpha (a) Fornacis 
Alpha (a) Fornacis A yellow binary star 
Sh ee of magnitude 3.9, 
y visible with a small 
Je 3.9 «=> 46 light-years telescope; it has a 
si cabs Seago sae Shh tLe OA ea NLS hen ti A ss Coane kA eS hah mince lan at ein) Aaa LALOR Rink alnlesaueaLealaieceuninicic 6.9 magnitude orange 
Beta (6) Fornacis companion orbiting it 
Yellow giant every 300 years 
et 4.5 = 169 light-years 
a 
DEEP-SKY OBJECTS es 
o 
NGC 1097 =) 
Barred spiral galaxy, also classed as a Seyfert galaxy in 
NGC 1316 (Fornax A) 
Radio source and elliptical galaxy 
NGC 1350 
Spiral galaxy NGC 1316 
ian asa caciadaiusaoainttissidsaeasigiter igiesl alae saniuscoh ays cekeaa ax cnea cs logaauneiaicanabaadacats aatceiadacesioad Szkainaeeacigsukess bad SARGARIACARILSIARCERLARAATE FARIA AA SAAA STAAL REALL AAO Also known ac Fornax A, 
NGC 1365 this giant elliptical galaxy 
Barred spiral galaxy is a radio source about 
Renee nT S RTE D nS SST a STEPS a SCORE TDS CICS CSO aca DenaNE NC BSC SNE USNS SNS STaNE NST RS Ratan NNN TTS STRSTR TTS T NTS a TUTE UTS 60 million light-years away. 
NGC 1398 It was formed by engulfing 
Barred spiral galaxy several smaller galaxies 
IC 335 


A NGC 1097 


The large Seyfert galaxy NGC 1097 is 
magnitude 10.3 and one of the sky's brightest 
barred spirals. It is interacting with the tiny 
elliptical galaxy NGC 1097A at top right. This 
is not the first small galaxy to be affected by 
NGC 1097; it engulfed a dwarf galaxy a few 
billion years ago. 
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NGC 1350 «> 


IC 335 > 


J NGC 1365 


<>» NGC 1316 


A NGC 1350 

The arms in the inner region of this spiral 
galaxy form a complete ring, resembling a 
huge eye in space. The blue tint of the outer 
arms indicates active star formation. Other 
galaxies are visible through the outer parts. 
NGC 1350 is about 85 million light years 
away and 130,000 light-years across. 


NGC 1097 


My 
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Beta (6) Fornacis 

A yellow giant about 11 
times the size of the Sun 
and the second brightest 
in the constellation 


NGC 2017 

A tight group of colorful 
stars in a chance alignment. 
Five have magnitudes 
between 6 and 10 and 

are visible with binoculars 


Nihal (6 Leporis) 

More than 10 times nearer 
to us than Alpha Leporis but 
at magnitude 2.8 not quite 
as bright. It is about 3.5 
times the Sun’s mass and 
16 times its width 


KEY DATA 


Size ranking 51 


Brightest stars Ameb (a) 
2.6, Nihal (B) 2.8 


Highest in sky at 10pm 
January 


MAIN STARS 


Arneb Alpha (a) Leporis 
White supergiant 


Nihal Beta (8) Leporis 
Yellow giant 


302 2.8 «= 160 light-years 


Epsilon (e) Leporis 
Orange giant 


Se: 3.2 = 213 light-years 


DEEP-SKY OBJECTS 


M79 


Global cluster, also Known as NGC 1904 


NGC 2017 
Multiple star 


IC 418 (Spirograph Nebula) 
Planetary nebula 


302 2.6 ¢=> 2,130 light-years 


TRE AHARE 


LEPUS 193 


Arneb (a Leporis) 

Lepus’s brightest star at 
magnitude 2.6. It is 14 
times the mass of the Sun, 
129 times its size, and 
32,000 times its luminosity 


Snueplia 


M79 

More than 11 billion 
years old and 41,000 
light-years away, this 
dim globular cluster 
consists of 150,000 
Stars, mostly red giants 


LEPUS IS FOUND AS A BOW TIE SHAPE IMMEDIATELY TO 
THE SOUTH OF THE EASILY LOCATED CONSTELLATION 
ORION. ITS STARS, INCLUDING VARIABLES AND MULTIPLES, 


ARE ITS DISTINCTIVE FEATURE. 


Greek mythology relates that this hare was placed in the sky after hares 
overwhelmed the island of Leros, devastating the land and causing 
starvation. The constellation was a permanent reminder about the 
perils of farming too many hares. Lepus is found to the south of Orion, 
appearing as if in flight from Orion's two hunting dogs Canis Major and 
Canis Minor. Its brightest star Alpha Leporis, has the name Arneb which 
comes from the Arabic for “hare.” It is one of the most luminous stars 
visible from Earth. However, because of its distance, it is of only average 
brightness, with magnitude 2.6. The star R Leporis is a pulsating red 
giant, a Mira variable changing between magnitude 5.5 and 12 over 

a 430-day cycle. It is also known as Hind's Crimson Star after English 


astronomer John Russell Hind who observed it in 1845. 
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CANIS MAJOR 
THE GREATER DOG 


AN ANCIENT CONSTELLATION, CANIS MAJOR IS 
THE LARGER OF ORION'S TWO HUNTING DOGS. 
IT IS HOST TO SIRIUS, THE BRIGHTEST STAR IN 
THE ENTIRE NIGHT SKY. 


Canis Major is near the heel of its master Orion, and close 
by (immediately north of Monoceros) is the smaller 
constellation Canis Minor. Canis Major represents Laelaps, 

a mythical dog so swift no prey could escape from it. The 
constellation is dominated by Sirius, which is actually a fairly 
average star of its type but outshines all other stars in the night 
sky because it is so close to us. The second-brigntest star, 
Adhara, is a superluminous blue-white giant, which is much 
more distant but would outshine Sirius if placed next to it. 
Since the Milky Way crosses it, the constellation contains 
several notable deep-sky objects, including the clusters M41 


and NGC 2362, both of which can be seen with the naked eye. 


Sirius is the brightest star 
in the night sky. It is almost 
twice as bright as the next 
brightest, Canopus in the 
constellation Carina 


NGC 2360 

An open cluster of stars along 
the plane of the Milky Way. 

At magnitude 7.2, it is visible 
with binoculars; a telescope 
reveals individual stars 
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<1 NGC 2359 

This image shows a close-up view 

of nebula NGC 2359, which is 

more than 30 light-years across 

and lies about 12,000 light-years 

away. Wind from the bright star Wezen (6 Canis Majoris) 
near its centre is sweeping through A yellow-white supergiant 
the nebula, creating a bubbling about 200 times the sun's 
effect. A wider-angle view would se real ie oe 
show two arm-like regions on each 

side of the nebula, like the wings of 

a helmet, hence the nebula's 

popular name of Thor's Helmet. 


Sirius (a Canis Majoris) 
A blue-white main- 
sequence star and a 
binary. It is orbited every 
50 years by a faint white 
dwarf, Sirius B 


sndo® 


D> 
NCG 2217 


Adhara (¢ Canis Majoris) 
The second-brightest 

star in Canis Major, 

a blue-white giant ten 
times the Sun’s width 
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KEY DATA 


Size ranking 43 


Brightest stars Sirius (a) 
-1.5, Adhara (e) 1.5 


KEY DATA 


Size ranking 54 


Brightest stars Phact (a) 
2.7, Wazn (B) 3.1 


COLUMBA 
THE DOVE 


Abbreviation CMa A FAINT CONSTELLATION LYING SOUTH OF LEPUS, Abbreviation Col 
Highest in sky at 10pm COLUMBA WAS FORMED IN THE 16TH CENTURY Highest in sky at 10pm 
January—February January 
* Fully visible §6°N._90°S ee CHART 6 FROM STARS THAT HAD NOT PREVIOUSLY BEEN * Fully visible 46°N_90°S te cure 
ee ee ALLOCATED TO ANY OTHER CONSTELLATION. Play. onscreen eee 
MAIN STAR a MAIN STAR 
SUE Invented by the Dutch astronomer Petrus Plancius in 1592, STARS 
Sirius Alpha (a) Canis Majoris os i “ys Phact Alpha (a) Columbae 
Blue-white main-sequence star, also a binary Columba was originally called "Columba Noachi _ reference Blue-white subgiant 
Be 1.5 > 86 light-years to the dove Noah sent out from the Ark to find dry land, in the 3207 ‘> 261 light-years 
Mirzam Beta (B) Canis Majoris Biblical story of the flood. In the constellation, the dove's body Wezn Beta (8) Columbae 
Blue giant is marked by the star Wezn, and its head end is indicated by the Yellow giant 
HS 20 em M02 lightyears yellow-orange giant Eta Columbae. Its brightest star is Phact, CBEST om Si lightyeas 
Wezen Delta (8) Canis Majoris whose name derives from the Arabic for “collared dove.” Mu 
NOU WhleSUe Taal Columbae is a fast-moving 5th-magnitude star that is thought DEEP-SKY OBJECTS 
ie to have been expelled from the Orion Nebula area. Columba’s ara 
Adhara Epsilon (e) Canis Majoris most prominent deep-sky object is globular cluster NGC 1851, Spiral galaxy 
Blue-white giant _ ; ESOS ESOS OSES OSES OSS OESOSOSOS SOOO OOO OSSOSOROOOSOROOOSE 
es | visible as a faint patch through binoculars. NGC 1808 
a aallo) = 405 light-years B 
Pee aS Retin DT sch REESE ERSTE OAM NER te arred spiral galaxy, also a Seyfert galaxy 
simian aoe ee 
Blue-white supergiant eishilaeclisier 
Jee 95 «=> 1,985 light-years sects asec Siren sap ibeg cep ee oA nap ala dias cde earns 
ee eee pact eGaumniea 
Columba’s brightest star, L Cdy 
DEEP-SKY QBJECTS a blue-white subgiant 
seven times the width 
M41 of the Sun and 260 
Open star cluster light-years away 
NGC 2207 and IC 2163 
Two interacting galaxies 
NGC 2217 . 
Barred spiral galaxy Cant 
NGC 2359 (Thor's Helmet) 
Emission nebula 
NGC 2362 
Open star cluster centred on Tau (t) Canis Majoris 
a 
© 
rd Oo 
S — 
co} cS 
oS 5 
D 
NGC 1808 
Lying 40 million 


light-years away, 
a barred spiral 
galaxy in which 
vigorous starbirth 
is taking place 


A NGC 2207 and IC 2163 


These two interacting galaxies have created a huge 
mask shape in space. The gravitational attraction 
of the larger, NGC 2207, has distorted IC 2163, 
flinging out stars and gas into streamers at least 
100,000 light-years long. The two will continue to 
slowly fall closer together, forming one huge galaxy 
in a few billion years’ time. 


Wezn (6 Columbae) 
A relatively small yellow 
giant star, just 12 times 
the Sun’s width, and about 
50 times its luminosity 
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LUMINOSITIES | a 


Rho Puppis Tau Puppis 
24 Suns 181 Suns 


M46 and M47 

Two unrelated open 
clusters, just visible 
to the naked eye as 
a brightening in the 
Milky Way 


M93 
An open cluster that can 
be seen with binoculars 


11 | and small telescopes, it 
appears triangular with two 
M93 orange giants near its apex 
p \ eas 
. A NGC 2440 
\ The central star of this planetary nebula is one of the hottest known, 
\ with a surface temperature of around 360,000°F (200,000°C). Gas 
nNe@tioasy ejected from the star in the past has created winglike appendages 
TIN that are illuminated by the star's ultraviolet light. In this color- 
. enhanced image from the Hubble Space Telescope, helium in the 
surrounding gas shell is shown blue, oxygen is blue-green, and 
age hydrogen and nitrogen are red. 
sae) 
A NGC 2571 
a? ' 
16 " 
ly 
NGC!2439 | \ 
NX} LL "J Gi». 
: ~~ 
7) 
Ss NGC 2451 
a A large and scattered open 
| cluster visible with the naked eye; 
NGG 2451 L fh! it contains the 4th-magnitude 
. SON NGC 2477 : orange giant c Puppis 
NGC 2477 
A rich open cluster = 
estimated to contain mo i 
2,000 stars; it | . 
resembles a globular WS Hii i 
cluster when seen : 8) iin h 
through binoculars Puppis A | 2 40° } 
— Ay! L? Puppis 
: | Visible with the naked eye 
Ni or binoculars, this is a red 
( i aS | giant that varies between 
y 3rd and 6th magnitudes 
\ | f approximately every 
WL 2 “¥ five months 


Naos is one of the 
hottest stars visible (a. ? 

to the naked eye, with leg SY 
a surface temperature , 
over 54,000°F Sane 


(30,000°C ) WS 


aN 
J 


Picto, 


PUPPIS 197 


i Pi Puppis 


4,395 Suns 


PUPPIS 


A MAJOR SOUTHERN CONSTELLATION FOUND NEXT TO CANIS MAJOR, PUPPIS 
WAS ORIGINALLY DESCRIBED AS PART OF THE MUCH LARGER CONSTELLATION 
KNOWN TO THE ANCIENT GREEKS AS ARGO NAVIS, THE SHIP. PUPPIS CONTAINS 
SEVERAL STAR CLUSTERS VISIBLE WITH BINOCULARS AND SMALL TELESCOPES. 


For the ancient Greeks, Puppis represented the 
stern, or poop, of the legendary ship Argo in 
which Jason and his crew sailed on the quest 
for the golden fleece. 

The early Greek astronomers visualized Argo 
as a single large constellation, but in the 1750s 
it was divided into three by the French astronomer 
Nicholas Louis de Lacaille. The other two parts of 
the “ship” are the constellations Carina, the hull, 
and Vela, the sails. Puppis is the largest of the 
three. However, the brightest stars of Argo are 
within Carina and Vela, leaving Puppis with 


only second-magnitude Naos, named for the 
Greek word for ship, as the brightest member 
of the constellation. 

Two major star clusters in the north of the 
constellation create a bright patch in the stream 
of the Milky Way that runs through here. M47 
is the closer and larger of the two, about 1,500 
light-years away. Next to it lies M46, over three 
times as distant and hence more difficult to resolve 
into individual stars. In the far south of the 
constellation, NGC 2477 is an even richer and 
brighter cluster. 


Naos 
12,555 Suns 


KEY DATA 


Size ranking 20 


Brightest stars Naos (Z) 
22, Fl et 


Highest in sky at 10pm 
January—February 


MAIN STARS 


Naos Zeta (C) Puppis 
Blue-white supergiant 


» 1,080 light-years 


Pi (st) Puppis 
Orange supergiant 


o- 27/ © 800 light-years 
Rho (p) Puppis 

White giant 

Jet 2.8 => 64 light-years 


Tau (t) Puppis 
Yellow-orange giant 


2e5 2.9 — 182 light-years 
<{ NGC 2452 
The blue haze in this DEEP-SKY OBJECTS 
Hubble Space Telescope 


M46 


image is what remains 
Open cluster 


CPUS OUTER IAVGIS OT ci 
star that have drifted off M47 

into space at the end of 
the star's life, forming a 
planetary nebula. At the M93 
center of the cloud lies 
the exposed core of the 
nebula’s progenitor star. 


NGC 2440 
Planetary nebula 


NGC 2451 
Open cluster 


NGC 2452 
Planetary nebula 


NGC 2477 
Open cluster 


Puppis A 
supernova remnant 


<1 Puppis A 

Seen here at X-ray wavelengths, Puppis A 
is the remains of a supernova explosion 
some 3,/00 years ago. It lies about 7,000 
light-years away, about eight times farther 
than the much larger supernova remnant 
in neighboring Vela. 


Xi (€) 
2,000 light-years 


> Star distances _——————— 


The nearest star to Earth in this constellation’s i 

main pattern stars is Rho (p) Puppis, which Rho (p) 64 light-years ee 

is 64 light-years away. The most distant star eppae OO ES 

is Xi (€) Puppis, which is 2,000 light-years ; =— 

from Earth, about 30 times farther away. 

Naos (¢ Puppis), the constellation’s brightest 

pattern star, is also one of the most distant <a — eee 

at 1,080 light-years from Earth. “ion ee as ——_@ Pi (n) 800 light-years 
Sigma (o) 194 light-years ea ee 

aS. 


Naos (¢) 1,080 light-years 
é Distance A$ A HA > 
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KEY DATA 


Size ranking 65 


Brightest stars Alpha (a) 
3.7, Beta (B) 4.0 


Gamma (y) Pyxidis 
An orange giant about 
hh 200 light-years away, 
SIN and magnitude 4. With 
"An Beta Pyxicis, itis joint 
NhaeS second brightest 
me eta gigi asienrien a aad . 
Highest in sky at 10pm DB NA : 
February-March al ° 


Fully visible 52°N—90°S CHART 6 


MAIN STARS 


Alpha (a) Pyxidis 
Blue-white giant 


I8% 3.7 => 879 light-years 


Beta (6) Pyxidis 
Yellow giant 


302 4.0 ¢=> 416 light-years 


Gamma (y) Pyxidis. 
Orange giant 


Zot 4.0 => 207 light-years 


DEEP-SKY OBJECTS 


NGC 2818 
Planetary nebula 


T Pyxidis 

This variable star, also 
classed as a recurrent 
nova, is 15,600 light- 
years away. In 2011, it 
temporarily changed in 
magnitude from 15 to 6.8 


THIS IS A SMALL CONSTELLATION ON THE EDGE OF THE 
MILKY WAY WHOSE PATTERN IS A ROW OF THREE STARS. 
PYXIS IS A MAGNETIC COMPASS INTRODUCED TO THE 
SOUTHERN SKY IN THE 1750s. 


Pyxis was devised by the French astronomer Nicholas Louis de 
Lacaille. After sailing south in 1750 and setting up an observatory 
at Cape Town, he catalogued the stars of the southern sky and 
formed some of these into 14 new constellations. The compass 
is the sort used by seamen and is fittingly next door to Puppis, 
the ship's stern. 

With deep-sky objects such as the barred spiral galaxy NGC 2613 
only visible with a large amateur telescope, the constellation’s 
notable objects are its stars. The variable star T Pyxidis consists 
of a white dwarf pulling material onto its surface from a larger 
companion. This causes the white dwarf to erupt unpredictably 
and increase dramatically in brightness. Its last eruption in 2011 
was the first since 1966. 


A NGC 2818 


Alpha (a) Pyxidis 

The brightest star in Pyxis, 
Alpha Pyxidis is six times 
the Sun's size, 10 times its 
mass, and 10,000 times 
more luminous 


Beta (6) Pyxidis 

A yellow giant star, twice 
the distance of Gamma 
Pyxidis, about seven times 
its size, and shining just as 
brightly in the sky 


More than 10,000 light-years away, this planetary nebula is a star in the process 
of dying. The outer layers of a once Sun-like star have been pushed off into space. 
In their center is a white dwarf, the central remains of the original star. Red 


represents nitrogen, hydrogen is shown in green, and blue is oxygen. 


ANTLIA 


199 


THIS FAINT CONSTELLATION CONTAINS AN INTERESTING 
CLUSTER OF GALAXIES, BUT ANTLIA IS UNREWARDING 
FOR THOSE WHO ARE OBSERVING IT WITHOUT USING 

A LARGE TELESCOPE. 


Antlia was introduced by the French astronomer Nicholas Louis 
de Lacaille. He formed it out of stars seen from his observatory 
close to Table Mountain, South Africa. On returning to France, 

he published a star catalog and a southern-sky map that included 
Antlia as well as 13 other newly devised constellations. Named 
Antlia Pheumatica on his map, the constellation represents a 
vacuum pump. 

This inconspicuous grouping of stars has no named stars, bright 
clusters, or nebulae but includes the Antlia Cluster, the third-nearest 
cluster of galaxies to us. The two 6th-magnitude stars that are 
designated Zeta form an optical double and can be seen separately 
through binoculars. 


KEY DATA 


Size ranking 62 


wets} 


IC 2560 
Magnitude 13.3 and 110 
million light-years away. 


A I€ 2560 


The extremely bright nucleus of spiral galaxy IC 2560 can be seen in 
this Hubble Space Telescope image. It is caused by the ejection of 
huge amounts of super-hot gas from the region around the galaxy’s 
central black hole. IC 2560 is a member of the Antlia Cluster, a 
cluster of about 250 galaxies. 


rotanied beter een nen es —— IC 2560 and other 
Y/ re Ss 


aah a A 


Brightest stars Alpha (a) 
4.3, Epsilon (e) 4.5 


Alpha (a) Antliae 

The brightest star in 
Antlia, this orange giant 
has a little more than 
twice the material in 
the Sun but is about 

45 times its size 


Highest in sky at 10pm 
March-April 


MAIN STARS 


Alpha (a) Antliae 
Orange giant 


Zot 4.3 = 366 light-years 


Epsilon (e) Antliae 
Orange giant 


= 700 light-years 


lota (1) Antliae 
Orange giant 


® 199 light-years 


Theta (8) Antliae 
Binary star; a white main-sequence and a yellow giant 


> 384 light-years 


DEEP-SKY OBJECTS 


NGC 2997 
Spiral galaxy 


IC 2560 
Spiral galaxy, also classed as a Seyfert 


ath 


members of the Antlia 
Cluster can be seen with 
large amateur telescopes 


<A \ 


NNN SA 


NGC 2997 

A face-on spiral galaxy 
about 55 million light-years 
away. Its two prominent 
spiral arms can be seen 

in large telescopes 


NYY 


10h 


Vela 


Stxkd 
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LUMINOSITIES | 


VELA 


VELA IS A MAJOR SOUTHERN CONSTELLATION, FORMERLY PART OF THE LARGER 
ANCIENT GREEK CONSTELLATION OF ARGO NAVIS, THE SHIP. LYING IN A RICH PART 
OF THE MILKY WAY, VELA CONTAINS THE REMAINS OF A STAR THAT EXPLODED AS 


Delta Velorum 
90 Suns 


Psi Velorum 
77 Suns 


Kappa Velorum 
2,760 Suns 


A SUPERNOVA ABOUT 11,000 YEARS AGO. 


Vela represents the sails of the mythical ship Argo, 
the vessel of Jason and the Argonauts. The ancient 
Greeks visualized the ship as a single huge 
constellation, but the French astronomer Nicolas 
Louis de Lacaille divided it into three smaller parts 
in the 1750s. The other two sections are Carina, the 
hull, and Puppis, the stern. Vela contains several 
prominent star clusters, including IC 2391, a group 
of about 50 stars visible to the naked eye. Delta 


and Kappa Velorum, along with Epsilon and lota 
Carinae, form a shape known as the False Cross, 
which is sometimes mistaken for the true Southern 
Cross. Vela's most remarkable object is the Vela 
Supernova remnant. Lying about 800 light-years 
away, it is among the closest supernova remnants 
to us. Near its center lies the fast-spinning Vela 
pulsar, the remaining core of the star that exploded 
as a supernova in prehistoric times. 


KEY DATA 


Size ranking 32 


Brightest stars Gamma (y) 
1.8, Delta (6) 2.0-2.4 


Highest in sky at 10pm 
February—April 


CHART 2 


MAIN STARS 


Gamma (y) Velorum 
Brightest Wolf-Rayet star visible from Earth 


¢= 1,100 light-years 


Delta (5) Velorum 
Eclipsing binary 
3e5 2.0-2.4  ¢mp 80 light-years 


Kappa (k) Velorum 
Blue-white subgiant or main-sequence star 


¢= 5/0 light-years 


Lambda (A) Velorum 
Orange supergiant 


qm 545 light-years 


DEEP-SKY OBJECTS 


IC 2391 
Open cluster 


NGC 2736 (Pencil Nebula) 
Part of the Vela Supernova remnant 


NGC 3132 (Eight-Burst Nebula) 
Planetary nebula, also called the Southern Ring Nebula 


NGC 3228 
Open cluster 


Vela Supernova remnant 
Supernova remnant with central pulsar 


A Eight-Burst Nebula 

Also called NGC 3132, this 
planetary nebula is shaped like 
overlapping figure-eights, hence its 
popular name. Ultraviolet light 
from the central star has heated 
surrounding gas (shown as blue in 
this image). 


> Pencil Nebula 

Part of the Vela Supernova 
remnant, the Pencil Nebula is 

a region where the supernova's 
shock wave slammed into a 
denser region of interstellar gas, 
compressing it into the glowing 
strip seen in this Hubble image. 


A Vela Supernova remnant 

This wide-field image shows the faint ribbons of 
gas that are the remains of a star that exploded 
as a supernova about 11,000 years ago. Lying 
between the stars Gamma (y) and Lambda (A) 
Velorum, the supernova remnant stretches across 
a region of sky about the width of 16 Full Moons. 


The Vela pulsar rotates at more 
than 11 revolutions per second, faster 
than a spinning helicopter rotor 
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Gamma Velorum 
20,380 Suns 


~ Phi Velorum 
8, 100 Suns 


Lambda Velorum 
3,115 Suns 


NGC 3132 Lambda (A) Velorum 

Planetary nebula that The 3rd-brightest star in Vela, 

appears like a fuzzy star with a magnitude of 2.2. 

similar in size to Jupiter The Vela Supernova remnant P 

when viewed through stretches between this star VX Is 


a small telescope and Gamma (y) Velorum 


Gamma (vy) Velorum 
Wide double star of 2nd 
and 4th magnitudes, 
divisible with a small 
telescope or good 
binoculars 


Kappa (x) Velorum IC 2391 NGC 2547 

One of the stars that forms Large open cluster Open cluster half the 
the False Cross asterism. The visible to the naked eye. apparent size of the 
others are Delta (6) Velorum Its brightest member is Full Moon, visible with 
and, in Carina, lota (1) and Ath-magnitude Omicron binoculars and small 
Epsilon (¢) Carinae (0) Velorum telescopes 


>> Star distances 


The nearest of Vela's main pattern stars is Psi (ip) 61 light-years Lambda (A) 545 light-years 
Psi (yy) Velorum, which is only 61 light-years : 


away. The farthest is Phi (q) Velorum, at about 
———— Mu (yu) 117 light-years 


1,590 light-years. Even though Gamma (y) 
ee. Gamma (y) 1,100 light-years 


Velorum is about 1,00 light-years from 

us, it is the brightest of Vela's pattern stars. 

It is also the most luminous, emitting a total 

amount of energy equivalent to more than 

20,300 Suns. Phi (¢) 
1,590 light-years 


3. Distance 2-H > 
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LUMINOSITIES Miaplacidus Theta Carinae Epsilon Carinae 
225 Suns 1,360 Suns 5,405 Suns 
NGC 3114 NGC 2516 


A large open cluster, similar An open cluster visible with 
in size to NGC 2516 but the naked eye, of similar 
fainter because It is twice apparent size to the Full 

as far away, some 3,000 Moon; individual stars can 
light-years from Earth be seen with binoculars 


NGC 3372 

Better known as the 
Carina Nebula, a large, 
diffuse nebula about 
four times the apparent 
width of the Full Moon: 
inlcudes the erratic 
variable star Eta Carinae 


Fea 


IC 2602 

Also known as the 
Southern Pleiades, an 
open cluster twice the 
apparent size of the Full 
Moon and easily visible 
with the naked eye; its f 
brightest member is q CSELLDGAIIIIHE 
Theta (6) Carinae 55 LT? 


Se 


Canopus is more 
luminous than Sirius, 
the brightest star in the 10n| 

sky, but looks fainter 2 Upsilon (v) Carinae 


A 3rd-magnitude white star with 
a 6th-magnitude companion 


because it 1S farther AWAY visible through a small telescope 


Chi (x) 
459 light-years © lota (1) 770 light-years 
> Star distances 
Carina’s main pattern stars lie between 113 
and about 1,400 light-years from Earth. The 
constellation’s two brightest stars, Canopus (a) 7 . 
and Miaplacidus (8), are also the two nearest ~» Canopus (c) 310 light-years 


of the pattern stars. The farthest star, Upsilon (v) Earth i ae eee 
Carinae, is an outlier, lying about twice as far ae ee itaplacidis (8) 113 light-years Upsilon (v) 


from Earth as the second-farthest pattern star, 1,400 light-years 
lota (1) Carinae. 


csc _T 1 Distance nS 


Aspidiske 
6,270 Suns 


A NGC 3603 


This combined visible light and infrared image reveals 
an enormous cavity in the gas around the massive star 
cluster NGC 3603. The cavity was created by 
ultraviolet radiation and stellar winds from young, hot 
stars in the cluster. 


Canopus 
13,000 UNS 


CARINA 
THE KEEL 


A PROMINENT SOUTHERN CONSTELLATION, 
CARINA CONTAINS THE SECOND-BRIGHTEST STAR 
IN THE SKY, CANOPUS, ALONG WITH RICH MILKY 
WAY STAR FIELDS. 


Carina represents the hull of the mythical ship Argo, 
which the ancient Greeks visualized as a single 

large constellation. This constellation was split into 
three (Carina, Vela, the sails, and Puppis, the stern) by 
the 18th-century French astronomer Nicolas Louis de 
Lacaille, and its two brightest stars, Canopus and 
Miaplacidus, ended up in Carina. 

Carina contains one of the most extraordinary stars 
known, Eta Carinae. Currently just visible to the naked eye, 
it flared up in 1843 to become temporarily brighter than 
Canopus. It is thought to be a massive binary, obscured 
by the debris thrown off in the great eruption. It lies within 
the Carina Nebula (see pp.204-205), a cloud of gas that 
is larger and brighter than the Orion Nebula. The stars 
Epsilon and lota Carinae, together with Delta and Kappa 
Velorum, form the so-called False Cross, an asterism that 
resembles the true Southern Cross. 


Eta Carinae 
More than 5 million Suns 


KEY DATA 


Size ranking 34 


Brightest stars Canopus 
(a) -0.7, Miaplacidus (B) 1.7 


Highest in sky at 10pm 
January—April 


MAIN STARS 


Canopus Alpha (a) Carinae 
White giant 


Miaplacidus Beta ($) Carinae 
Blue-white giant 


I02 1,7 = 113 light-years 


Epsilon (<) Carinae 
Orange giant 
Zot 2.0 «= 600 light-years 


Theta (8) Carinae 
Blue-white main-sequence star 


$02 2.8 => 455 light-years 


Aspidiske ota (1) Carinae 
White supergiant 


0% 2.3 ¢=> 770 light-years 


Upsilon (v) Carinae 
White supergiant 
Jet 3.0 «= 1,400 light-years 


DEEP-SKY OBJECTS 


NGC 2516 
Open cluster 


NGC 3114 
Open cluster 


NGC 3372 (Carina Nebula) 
Bright diffuse nebula 


NGC 3532 
Open cluster 


IC 2602 (Southern Pleiades) 
Open cluster 


<| Eta Carinae and the Keyhole Nebula 

A bright area of glowing gas surrounds the binary 
star Eta Carinae (center left of the image), thrown 
off in its eruption of 1843. Eta Carinae lies within 
the Carina Nebula, which includes the region 
called the Keyhole (the elongated darker area just 
right of Eta Carinae). 


Fantasy-like structures are found throughout the 
Carina Nebula, a vast molecular cloud of star 
birth that spans across 300 light-years of space. 
This detailed color-enhanced view shows a 
small part, roughly 15 light-years wide. The 
fantastic shapes are sculpted out of the cold 
cloud by stellar winds and ultra-violet radiation 
emitted by massive stars, as they slowly erode it 
away. Dark knots of gas and dust are so thick 
they are opaque, although the cloud is typically 


DIUM iG RO) 0] DM SINE@ ata Nya\ 


less dense than Earth's atmosphere. The dark 
oli clmeymee) (eM a)\elceys—am-laremelUimconsal mat 4aime)) 
this image is more than two light-years long, 
and has so far resisted being worn away. Inside 
it new stars are taking shape. The image was 
taken by the Hubble Space Telescope and 
combines two sets of observations. The first, 
from 2005, were taken in light emitted by 
hydrogen atoms. The second, taken in 2010, 
were in light emitted by oxygen atoms. 
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MUSCA i 


NGC 4833 Size ranking 77 


A globular cluster 21 500 ware diarareibne ‘ ba ya dieine Daradare areal bae opie WeaSaAd Dias HERS Hole ORT OwEE 
a I EK ~ | Y light-years away with a Brightest stars Aloha (a) 


magnitude of 7.8 and it is 2./, Beta (B) 3.1 
ee ieeetee “eee nen 
A SMALL CONSTELLATION IMMEDIATELY TO THE raz Pat Abbreviation Mus 
SOUTH OF CRUX IN THE SOUTHERN SKY, MUSCA'S ~=—s Gen taurus - “Highest in sky at 10pm 
STARS ARE RELATIVELY BRIGHT BUT CAN GET LOST Le nes ee 


IN THE BACKGROUND OF THE MILKY WAY. —s_—__i(i(‘édNEG MM ooo 


Musca is best located by first finding the brilliant stars of 
Crux. The fly is the sky's only insect. Its body is drawn around 
the constellation’s brightest stars. First devised as Apis the bee 
by Dutch navigators Pieter Dirkszoon Keyser and Frederick 


de Houtman in the 1590s, it became a fly in the 1750s. 
Alpha (a) Muscae 


A blue-white subgiant 
evolving into a giant star, 
315 light-years away. It 

is a Cepheid variable 
pulsating every 2 .2 hours 


<] NGC 5189 

Also sometimes called the 
Spiral Planetary Nebula, 

NGC 5189 is a planetary 
nebula with expelled material 
rushing away from a dying star, 
a white dwarf. Unusually, NGC 
5189 has two central stars; the 
white dwarf and a Wolf-Rayet 
type star. The presence of the 
two stars explains the complex 
structure of the surrounding gas. 


eC eee eee eee eer errr er errr rere rere reer errr errr errr rr errr er err errr errr ere rerer rer errr erere reer er erererrerr reer errr ere rr rr rr errr er errrr errr er errrerrrr errr rr er err rere rr er errrrerrrrrrrrrrrrrrrrerrrrrrrrrr errr reer 


CIRCINUS 
THE COMPASSES 


ONE OF THE SMALLEST CONSTELLATIONS, CIRCINUS 


POPC OHO HEE EET E HEEL ESET LESEEEESOT TEESE EEEEE TEESE E TEESE EOE ESETEEEODEEEOS 


KEY DATA 


Size ranking 85 


Brightest stars Aloha (a) 
3.2, Beta (B) 4.1 


IS SQUEEZED INTO A GAP BETWEEN CENTAURUS aie in sky at 10pm 
ay—June 
AND TRIANGULUM AUSTRALE. IT IS BEST FOUND - Fully visible 19°N-90°S CHART 2 
BY LOCATING THE BRIGHT STAR ALPHA CENTAURI. Gee eeeta ee uot ua ghana eeaaes nated atadeycuas 
Circinus was introduced by Frenchman Nicolas Louis de Alpha (a) Circinus 


A white main-sequence 
Star, 54 light-years away. Its 
orange dwarf companion of 

magnitude 8.6 is seen 
through a small telescope 


Lacaille in the 1750s. Drawn around a faint triangle of stars, 
it represents the compasses used by draftsmen and 
navigators. It includes the Circinus Galaxy, which is one of 
the closest Seyfert galaxies to us. Also noteworthy is RCW 86, 2 
the remnant from a supernova explosion witnessed by Chinese 2 
astronomers in 185 CE. 


Snaineyuod 


iS 

Circinus Galax 
<1 RCW 86 
This colorful band of 
gas and dust is part of a 
roughly circular supernova 
remnant named RCW 86. 
It is material left over from 
a time when a white dwarf 15h | 
exploded after siphoning —— 13 million light-years away, 
material from a nearby star. Son 14h | with an active supermassive 

pL0% = black hole in its centre 


= ey 
ae 


NGC 5315 


s Circinus Galaxy 
nN A small spiral galaxy, 
OQ 
& 
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TRIANGULUM AUSTRALE KEYDATA 


Size ranking 83 


THE SOUTHERN TRIANGLE Norms ot 


A SMALL CONSTELLATION DEVISED BY LINKING 
THREE BRIGHT STARS, TRIANGULUM AUSTRALE 
MAKES A DISTINCTIVE PATTERN AND IS CROSSED Re ee 
BY A STAR-RICH REGION OF THE MILKY WAY. - Te 


Highest in sky at 10pm 


This bright triangle of stars is easy to spot to the southeast 
of Centaurus. It's not certain who devised the constellation 
but it was first recorded in Johann Bayer's star atlas, 
Uranometria, in 1603. Although crossed by the Milky 9 
Way, Triangulum Australe has little of interest to a 
amateur astronomers, except star cluster NGC 6025. 


NGC 6025 

An open cluster of 
Stars of magnitude 5.1 
and visible to the naked 
eye, but best seen 
through binoculars 


<1 ESO 69-6 ye 
Long tails sweep out from 
each of the galaxies in this 
interacting pair, together 
known as ESO 69-6. The 
tails are gas and stars that 
have been ripped out 

of the outer regions of the 


Beta (8) Trianguli Australis 
A white main-sequence 
Star, twice the Sun's width 
and 40 light-years from 
Earth. It is surrounded by a 
disk of dust debris 


galaxies. The galaxies are Atria (a Trianguli Australis) 
about 650 million This orange giant star is 390 
light-years from Earth. light-years away and about 5,000 


times as luminous as the Sun 


POPC C OEE ESHEETS EEOEHO EO OEEE EE EEEE HE TEEEE EE TOOE ETOH STOTT ESTEE ESTOS E ESO O SEO TE SOTO HESHOT ETE EETE TE EESOETEETOOE TS OEESE TE SEEE TE EEEOH TE TOTEH TOE SOOS TEETH ETESEOEE EEE EEEO TE HETE OTE ESOET EEO EESE EE EETEHEEEOOEE ES OSEE ETE TTOE TESTES OTESOSEOSOEEOOT EE ET OSES ESOESETOEESOOT SESE H ESHEETS ESESOHEEEEESEETETET ESO SEHTEEEEHSERESESEEEEESEEEES 


TELESCOPIUM cc 


Size ranking 5/7 


a I E a E | E G C () Dp EK NGC 6861 - Brightest stars Alpha (a) 


A lenticular galaxy, 3.5, 2040. 
memberot a group of about «ceive Teescopi 
ee eee anes a dozen galaxies named the Abbreviation Tel 
INTRODUCED TO THE SOUTHERN SKY IN THE 1750s. Telescopium Group Highest in sky at 10pm 
TELESCOPIUM IS SOUTH OF THE DISTINCTIVE  tarius i ee 
a9) Fully visible 33°N—90°S CHART 4 


SAGITTARIUS AND CORONA AUSTRALIS. 


One of the least recognizable constellations, Telescopium’s 
pattern is drawn around a right angle of linked stars tucked 
into a corner of the constellation's sky area. It was devised 
by Frenchman Nicolas Louis de Lacaille, using additional 
stars from surrounding constellations. These have been 
returned, leaving Telescopium in its present state. 


[> NGC 6861 

This is a lenticular 
galaxy whose disk is 
tilted to our line of 
sight. Dark bands 
within the disk are the 
result of large clouds of 
dust particles obscuring 
the light from more 
distant stars. 
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THE CONSTELLATIONS 


INDUS 
THE INDIAN 


INTRODUCED TO THE SOUTHERN SKY IN THE 16TH 
CENTURY, THIS CONSTELLATION REPRESENTS AN 
INDIAN, ALTHOUGH IT IS UNCLEAR WHETHER THIS 
REFERS TO A NATIVE OF THE AMERICAS OR ASIA. 


Indus is one of the 12 figures invented by Dutch navigators Pieter 
Dirkszoon Keyser and Frederick de Houtman, who charted 
the sky of the Southern Hemisphere during the 
1590s. The Indian figure carries a spear and 
arrows, and is drawn around three stars that 

form a right angle in the northern part of the 
constellation. Indus brightest stars are of 
3rd-magnitude and it has no significant star clusters 
or nebulae. One notable star is Epsilon Indi, a yellow 
main-sequence, agnitude-4.7 star just 11.2 light- 
years away, making it one of the closest stars to us. 


NGC 7090 

A spiral galaxy seen edge-on and 
about 30 million light-years away. 
It was discovered by British 
astronomer John Herschel in 1834 


KEY DATA 
Size ranking 49 
Brightest stars Alpha (0) ges sp 
3.1, Beta (B) 3.7 ESD 
Genitive Indi ~ fh ne if 
Abb ree ti feseiesss ng Serer ree LT Ale Jay ESO 77-14 
oe debluncisit is eee yar vg A pair of galaxies about 
Highest in sky at 10pm ao 550 million light-years 


August—October 


MAIN STARS 


Alpha (qc) Indi 
Orange giant 


Zee 3.1 «=> 98 light-years 
Beta (8) Indi 
Orange giant 
set 3.7 = 610 light-years 


DEEP-SKY OBJECTS 


NGC 7049 
Lenticular galaxy 


NGC 7090 
Spiral galaxy 


ESO 77-14 
A pair of interacting galaxies 


away that are distorted 
by their mutual 
gravitational pull 


O 
a 
Se 
PD 


| ¢ 


\ 


--70° 


ESO 77-14. 


[> ESO 77-14 

The once-flat disks of two 
similar-sized galaxies have 
become distorted and the pair 
are connected by material that 
used to be inside the galaxies. 
A short, red arm of gas and 
dust has been pulled out of the 


top galaxy, the lower galaxy 
has a longer bluish arm. 


Alpha (c) Indi 

An orange giant about 12 times the 
width of the Sun and with 100 times 
its luminosity. Its two companions 


The second-brightest star in this 
constellation, Beta is an orange 
giant of magnitude 3.7, and is 
600 light-years away 


. can be seen with a medium- 
a sized telescope 
wn 
O 
fo) 
re Beta (f) Indi 
aie 
S 
= 


=" 


A NGC 7090 
oh This side-on view from Earth of the spiral galaxy NGC 7090 
shows its disk and bulging central core. The pinkish-red 
regions indicate clouds of hydrogen gas where star 
Qc tans formation is taking place. Dark regions inside the disk 


are lanes of dust. 
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KEY DATA 


Size ranking 37 


Brightest stars Alpha (a) 
2.4, Beta (B) 3.3 


PHOENIX 


DEPICTING A MYTHICAL BIRD, THE PHOENIX, THIS  Hihestin skyatioon vi 

INDISTINCT CONSTELLATION WAS DEVISED IN THE _ Vetober-November wut a7 
Fully visible 32°N—90°S CHART 3 

16TH CENTURY. IT LIES BETWEEN SCULPTOR TO a Balt Soi ee tate eed sgt iatteas 

THE NORTH AND TUCANA TO THE SOUTH. MAIN STARS 


Ankaa Alpha (a) Phoenicis 
Orange giant 


eo 2.4 = 85 light-years 


According to legend, the phoenix lived for hundreds of 
years, died in flames, and a young phoenix was born from 

its ashes. The constellation was devised by Dutch navigators i) Sc alc | 
Pieter Dirkszoon Keyser and Frederick de Houtman. Ankaa _— A Robert's Quartet | a Yellow giant 

marks the bird’s beak at the north end ofa rectangle that [S'S 2 8rup of four galayies about 160 milion light Years 3 3.3 => 225 light-years 


away that are interacting. They are an irregular galaxy (right) “rn 


Fanmeiis body, with open wings ae aimee. Pneenne has ieee tee ote) 
has been distorted and the galaxy has at least 200 areas of 


Mere SuNE double stars and two of the most massive galaxy intense star formation. There is a diffuse area of material around DEEP-SKY OBJECTS 
clusters known: the Phoenix Cluster and the El Gordo Cluster. _ the central galaxy, and the one below it has two spiral arms. 


Robert’s Quartet 
Group of interacting galaxies 


Se EI Gordo Cluster 
Up ¢ 
Or Largest-known galaxy cluster 


Phoenix Cluster 
Massive galaxy cluster 


yo ~S Ankaa (a Phoenicis) 


aS An orange giant 
Phoenix we about 15 times the 
wy \ F 
K Cluster WS width of the Sun. 
~ -40° | It is Phoenix’s 
Vv eS ; 
B brightest Star, at 
U ; magnitude 2.4 
€ 
2h 
us El Gordo 
wr dan 5 Cluster 
Robert's 
Quartet 
Gamma (y) Phoenicis NS 
Magnitude 3.4 and 235 
light-years away, this red 
giant is about 50 times 
the width of the Sun. 
It is also a binary with q) 
a close companion -50° S 
DN 
- G 
Beta (f) Phoenicis JU 
A magnitude 3.3 yellow 
giant that when viewed with 
a medium-sized telescope 
becomes two yellow stars 
of magnitude 4.0 th n 
Zeta (Cc) Phoenicis 
An eclipsing binary star 
280 light-years away and Tu Can 5 Ln 
magnitude 3.9. Its 
brightness dips to 4.4 


every 40 hours 
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LUMINOSITIES Zeta Doradus Gamma Doradus 


2 Suns 7 Suns 


Gamma (y) Doradus 
A pulsating variable star 


whose brightness varies 
by less than magnitude 0.1 


every 18 hours; its average 
magnitude is 4.25 


A CHAIN OF STARS NEAR THE BRILLIANT STAR Alpha (a) Doradus y 

Dorado’s brightest star, O> 
CANOPUS IN CARINA, DORADO INCLUDES THE se whie oenLcenl: Op 
IMPRESSIVE LARGE MAGELLANIC CLOUD, A ea , 
NEIGHBORING GALAXY OF THE MILKY WAY. ae % 


Although commonly described as a goldfish and sometimes 
depicted as a swordfish, Dorado represents the dolphinfish, 
a species found in tropical waters. Its shape is drawn around 
a faint chain of stars, with the fish swimming toward the 
south celestial pole. The constellation was introduced to 


the southern sky in the 1590s by the Dutch navigators Beta (8) Doradus 
Pieter Dirkszoon Keyser and Frederick de Houtman. It has A yellow supergiant 
and one of the brightest 
no very bright stars, and none are named. Its most spectacular Cepheid variables; its 
oak magnitude varies 
feature, the Large Magellanic Cloud (LMC), is visible to the SeiccH anak 
naked eye but binoculars reveal its numerous star clusters every 9.8 days 


and nebulous patches in more detail. The LMC is named 
after Ferdinand Magellan, the Portuguese explorer who 
recorded it in the early 1520s. The Tarantula Nebula is part 
of the LMC, and the Supernova 1987A was seen in the 
outskirts of this nebula in 1987. 


NGC 1672 

A barred spiral galaxy 
with a diameter of 
75,000 light-years; it 
lies more 60 million 
light-years away 


The Tarantula Nebula, 
named for its spiderlike 


Large Magellanic NGC 1850 


shape, 1s the only nebula Mag 
outside the Milky \ \ ay \. \ SN 1987A NGC om 
visible with the naked eye i a - 
‘ Mens a 
Tarantula Nebula 
Also known as 30 Doradus, 
a massive star-forming 
> Star distances region about 800 light-years 
Dorados closest pattern star to Earth and in diameter; it is visible to 


relatively nearby at just 38 light-years is the naked eye as a fuzzy star 
Zeta (C) Doradus, a white main-sequence 
star. The most distant pattern star is the 
yellow supergiant Beta (B) Doradus, 
which is more than 26 times farther 


away, at 1,005 light-years from Earth. 


= Gamma (y) 67 light-years 
Sf Alpha (a) 170 light-years 
— > Zeta (¢) 38 light-years 


pe Delta (8) 150 light-years 


Beta (3) 
1,005 light-years 


Distance 222 
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Delta Doradus Alpha Doradus Beta Doradus 
34 Suns 110 Suns 2,600 Suns 


KEY DATA 


Size ranking 72 


Brightest stars Alpha (a) 
3.3, Beta (B) 3.8 


Highest in sky at 10pm 
December—January 


MAIN STARS 


Alpha (ca) Doradus 
White giant and binary star 


29% 3.3 «=> 170 light-years 


Beta (6) Doradus 
Yellow supergiant and Cepheid variable star 


302 3.5-4.1 > 1,005 light years 


DEEP-SKY OBJECTS 


NGC 1566 
spiral galaxy; also a Seyfert galaxy 


NGC 1672 
Barred spiral galaxy; also a Seyfert galaxy 


NGC 1850 
Compact star cluster in the Large Magellanic Cloud 


NGC 1929 
Star cluster in the Large Magellanic Cloud 


NGC 2080 (Ghost Head Nebula) 
star-forming region in the Large Magellanic Cloud 


NGC 2082 
Barred spiral galaxy 


Large Magellanic Cloud 
Disrupted barred spiral galaxy 


Tarantula Nebula (30 Doradus) 
star-forming region in the Large Magellanic Cloud 


Supernova 1987A 
supernova in the Large Magellanic Cloud 


A Tarantula Nebula 

This huge region of star clusters, glowing gas, 
and dark dust is one of the largest star-forming 
nebulae known. A bright star (center left) 
appears to shine in a clearing. This is actually 

a cluster of stars that is emitting most of the 
energy that makes the nebula so clearly visible. 


<1 NGC 1929 

Massive stars in the star cluster NGC 1929 
expel matter at high speed and explode as 
supernovae. The supernova shock-waves 
and winds carve out huge cavities called 
superbubbles (the blue areas) in the 
surrounding gas of the N44 nebula. 


> The Large Magellanic Cloud 

This satellite galaxy of the Milky Way is about 
180,000 light-years away. Once thought to be 
an irregular galaxy, it is now believed to be a 
disrupted barred spiral. The red patch (centre 
right) is the Tarantula Nebula. 
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and one of the fastest- 
moving stars in the sky 


Kapteyn’s Star 
A red dwarf of magnitude 
8.9, 13 light-years away 


| PL \ | ¢ ‘ \ | | \ . Col UMba 


CONTAINING ONLY FAINT STARS, PICTOR WAS 
INTRODUCED IN THE 1750S. IT IS FOUND 
BETWEEN THE STAR CANOPUS IN CARINA AND 
THE LARGE MAGELLANIC CLOUD IN DORADO. 


Pictor is said to represent an artists easel although its 
star pattern bears little resemblance to one. It is one 
of 14 constellations introduced by French astronomer 
Nicolas Louis de Lacaille after observing the southern 
stars in the 1750s. A generally unremarkable 
constellation, it nevertheless has some interesting 
stars. Close-up views of Beta Pictoris reveal it is 


Beta (8) Pictoris 
A young (12 million 


surrounded by a disk of planet-making material that years old) white 
Star, encircled by a 
extends more than 1,000 times the distance from the planet-forming disk: 
It is just under twice 
Earth to the Sun. A planet, named Beta Pictoris b, ec 


has already been identified in the inner disk. It has 
the mass of about nine Jupiters and is almost as close 
to its parent star as Saturn is to the Sun. The red dwarf o 
Kapteyn’s Star is the second-fastest moving star in %, 
the sky (after Barnard’s Star in Ophiuchus). ie 


NGC 1705 
A dwart irregular galaxy 
of magnitude 12.4, it is 
17 million light-years 
away and 2,000 
light-years wide 


KEY DATA 


Size ranking 59 


Brightest stars Alpha (a) 
3.3, Beta (B) 3.9 


Gamma (vy) Pictoris 
An orange giant of 


ig ecasersdro die aseistnne: sue taan ie ke i ae magnitude A5 about 14 
ee een: times the width of the Sun: 
Highest in sky at 10pm Alpha (a) Pictoris it is 177 light-years away 
ED const Pictor’s brightest star. 
Fully visible 23°N—90°S CHART 2 About twice the Sun's 
sigaildiue Pumiaiicda ws bootie dasa eta glcned ca lou sea apesaliacs vob aces mass, it iS evolving from y 
NN SSS a main-sequence star 2 
MAIN STARS into a subgiant —_ pora do 
Alpha Alpha (a) Pictoris 
White main-sequence star 
Jet 3.3 «=> 97 light-years 
Beta Beta (B) Pictoris 
White main-sequence star 
Jet 3.9 = 63 light-years 
Gamma (y) Pictoris 
Orange giant 
305 45 = 177 light-years 
DEEP-SKY OBJECTS > Pictor A 
——_———————————— The bright center of this double- 
NGC 1705 lobed radio galaxy is host to a 
aU ee supermassive black hole. As material 
Pictor A swirls around the black hole, energy is 


Bee cy mere released as an enormous beam of 
eae sees Ee aie IRL ee particles 300,000 light-years in length. 


VOLANS 213 


RETICULUM $e DATA 
THE NET 


- Brightest stars Alpha (a) _ 
A FAINT DIAMOND SHAPE OF STARS 


3.4 Beta (B) 3.8 


o 
IN THE SOUTHERN SKY, RETICULUM IS 9 “Highest in sky at10pm 
LOCATED NORTHWEST OF THE LARGE ee 
Fully visible 23°N-90°S CHART 2 
MAGELLANIC CLOUD IN DORADO. desab dh nukecauhisiaielasteid le bits Meensamenoobelactantedet 
The stars in this region were first grouped 
together in 1621 as the constellation Rhombus, Zeta (Z) Reticuli 


Visible to the naked eye, 
this double star is 39 
light-years away; 
binoculars reveal a 

pair of yellow stars of 


the diamond, by German astronomer Isaac 
Habrecht. It was given its current description 
in the 1750s by French astronomer Nicolas 


Louise de Lacaille. The name refers to the pagniueese cates 

reticule, the gridlike crosshairs in a telescope's 

eyepiece used to measure the positions of the ~ 

stars. One of the smallest constellations, its = 

principal attractions are the double star Zeta 2 

Reticuli and some faint galaxies, including a es oe “About one-third the 

NGC 1313, a starburst galaxy where unusually sta, this yellow gant | cS re a ae 
61 light-years from Earth, a4 about 15 million 


large numbers of hot young stars are forming, — i hae a ste eCaiee 
and NGC 1559, a spiral galaxy 50 million companion 
light-years away. 


light-years away 


POPC CEES S LETS E ETHOS EHOH ESTO EEOT OE EEEET HOT OOE HT EHESHTEEETO EE EESOS TES HOEET TESTE ESTEE ET EE TOOT ETO HEHE ETEOOSEHEEOSHESEOEE OEE EEEOEE HOSE EESOESE TO EESO EE EETEE EE EOOEE TT OSEEE TESTO T ESTES HT ES OEHE SOE ESOS EH ETOOE EES OET TOTES EE SESE TEES OEH ES ESESE TEESE EE TEOHTETOTEH TEESE SOT ETOH HETESEEEESESOTE SETHE EH ESEEEEEEOESOSEEEDEEEEEED 


VO | A N S Epsilon (¢) Volantis KEY DATA 
A blue-white subgiant of Size ranking 76 
magnitude 4.4.Acompanion neers eran epee ent aes 
THE FLYING FISH ——Sertntna te 
ae Ce 


Ca rin . Abbreviation Vol 


THIS INDISTINCT CONSTELLATION 
Highest in sky at 10pm 
January—March 


IS SITUATED BETWEEN THE BRIGHT 
STARS OF CARINA AND THE SOUTH _ Fully visible 14°N-00°S "CHART 2 
CELESTIAL POLE. 


NGC 2442 

A face-on barred spiral 
galaxy, 50 million light- 
years away, and visible only 
with a large telescope; it is 
75,000 light-years wide 


Volans was described by the Dutch explorers 
Peter Dirkszoon Keyser and Frederick de 
Houtman in the 1590s. Its most interesting 
features are its double stars, such as Gamma 
Volantis, visible with a small telescope, and 

its galaxies, which can be seen only with large 
telescopes. Like a huge letter “S", NGC 2442 
has an arm coming from each end of a bar. 
Nicknamed the “Meathook,” its distorted 
shape Is the result of a near-miss with a smaller 
galaxy. Formerly a spiral, AM 0644-741 is a 
now a ring galaxy as a result of a collision 
with another galaxy. 


O 
> 
3 
s 
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AM 0644-741 

A ring galaxy 150,000 
light-years across that 
resembles a diamond- and 
sapphire-encrusted 
bracelet, wrapped around 
a yellow nucleus 
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CHAMAELEON ‘evra 


Size ranking 79 


THE CHAMELEON ae 


Gamma (y) cece 

eo _ Genitive Chamaeleontis 
dip luhneieedaduaaniaareuaamenh esl magnitude 4.1 and 417 ee 
NEAR THE SOUTH CELESTIAL POLE, CHAMELEON light-years away Is also Highest in sky at 10pm 


an irregular variable star February—May 


WAS ONE OF THE CONSTELLATIONS INTRODUCED (OQ sees hi trsnenstsnstlnstesetenestnnstnetnnee 
IN THE 1590S BY PETRUS PLANCIUS. Carin, ee ce 


Alpha (a) Chamaeleontis 
A white main-sequence star, 
64 light-years away. It is 
about twice the Sun’s width 
and of magnitude 4.1 


Chamaeleon's faint diamond pattern of stars lies between 
the star fields of Carina and the South Celestial Pole in 
Octans. None of its stars is bright and there are no 
associated legends. Eta Chamaeleontis is the brightest 
star in an open star cluster, and Delta Chamaeleontis 

is a pair of unrelated stars. The Chamaeleon | Cloud 

is a star-forming nebula some 500 light-years away. 


> The Chamaeleon 

| Cloud 

A star is pictured in 

the process of forming 
within the Chamaeleon 
| Cloud. Gas jetting out 
from its poles collides 
with surrounding gas 
and lights up the region. 


NGC 3195 
A faint, ringlike planetary 
nebula of magnitude 11. It 
is only visible with a 
medium-sized telescope 


POPSET EEEOHH EEE OEEO TE SEOE OTTO SOOT SE OOEHE TE SEOE ESTEE ES EEE OOEH ETHOS EE EE EEHOHTEEHOH EET OESO TEE ESO TEE E THEE SOHO HE TO SEOO ETS ESEH EES OTOESEOSEOS ESTEE ESSE OH EES HOEHEO HOSES EE ESHEETS HOES OSES HTS EEEH TSE SOOT TSO SEOO TE SEHETESEOEH EEE HEEHEHEEEOT TEESE OEEESOOE ETE TEHOT EF ESESTEESOOT ET OSESO OO SEOEE TEESE HTESESEHETESEOEEEEEHEERESESEEEEEES 


APUS —— 


THE BIRD OF PARADISE 38 Gamay 39 


ONE OF THE 12 FAR SOUTHERN CONSTELLATIONS Triangulyy, ee es pene 
Highest in sky at 1 
INTRODUCED AT THE END OF THE 16TH Australe on yeahs 


CENTURY, THIS TROPICAL BIRD IS DRAWN 
AROUND A CHAIN OF FOUR INDISTINCT STARS. 


Apus lies south of an obvious triangle of stars, Triangulum 
Australe, and occupies an almost featureless area near the 
South Celestial Pole. It was devised by Dutch navigators 
Pieter Dirkszoon Keyser and Frederick de Houtman after 
seeing the exotic bird-of-paradise during their explorations 
of New Guinea in the 1590s. Sharp eyes or binoculars 
show that the constellations most interesting star, Delta 
Apodis, is a double—a wide pair of unrelated red giants 

of magnitudes 4.7 and 5.3, 310 light-years away. Other 
notable features are Theta Apodis, a red giant varying | 
between magnitudes 6.4 and 8.0 about every four months, ree ale 
and the globular clusters IC 4499 and NGC 6101. magnitude 3.9 and 156 


light-years away. It is 
about 60 times as 
luminous as the Sun 


Alpha (a) Apodis 
An orange giant of 
magnitude 3.8, it is 
about 50 times the 
width of the Sun and 
450 light-years away 


IC 4499 

A globular cluster of 
stars, about 12 billion 
years old and of 
magnitude 10.3. Visible 
only with a telescope 


TUCANA 
THE TOUCAN 


THIS CONSTELLATION DEPICTING THE TOUCAN, A LARGE-BEAKED 
TROPICAL BIRD, WAS INTRODUCED TO THE FAR SOUTHERN SKY IN 

THE LATE 16TH CENTURY. IT IS FAINT AND HAS AN INDISTINCT PATTERN, 
BUT IT IS HOST TO SOME SIGNIFICANT CELESTIAL OBJECTS. 


Located south of Phoenix and Grus, west of Hydrus, 
and southwest of the bright star Achernar in Eridanus, 
Tucana is one of 12 constellations devised by Dutch 
navigators Pieter Dirkszoon Keyser and Frederick 
de Houtman. It was first depicted on a globe by 
fellow Dutchman Petrus Plancius in 1598. None 

of the constellation’s stars is named and there are 
no legends associated with it. However, Tucana 


NGC 362 


NGC 346 47 
Small 

Small Magellanic Cloud 2 Magellanic 

This irregular-shaped galaxy Cloud 

is visible to the naked eye as N81 

a hazy patch but binoculars 

reveal rich star fields and \ 

star-forming nebula Ld a 
— 


is notable for two important features: the Small 
Magellanic Cloud (SMC) and 47 Tucanae. The SMC 
is the smaller of the Milky Way's two major satellite 
galaxies (the other is the Large Magellanic Cloud, 

in Dorado and Mensa). A compact globular cluster, 
47 Tucanae (also known as NGC 104) contains 
several million stars and is the second-brightest 
globular cluster visible from Earth in the night sky. 


47 Tucanae 

Also called NGC 104, 

a globular cluster 120 
light-years across. It is 
16,700 light-years away 
and can be seen as a fuzzy 
star with the naked eye 
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KEY DATA 


Size ranking 48 


Brightest stars Alpha (a) 
2.8, Gamma (y) 4.0 


Highest in sky at 10pm 
september—November 


MAIN STARS 


Alpha (a) Tucanae 
Orange giant 
= 200 light-years 


DEEP-SKY OBJECTS 


47 Tucanae 
Globular cluster, also Known as NGC 104 


NGC 121 
Globular cluster in the Small Magellanic Cloud 


NGC 346 
Star cluster and nebula in the Small Magellanic Cloud 


NGC 362 
Globular cluster 


NGC 406 
Spiral galaxy 


Small Magellanic Cloud (NGC 292) 
Irregular galaxy in orbit around the Milky Way 


N81 


Alpha (a) Tucanae 

Tucana’s brightest star, this orange 
giant marks the end of the bird’s 
beak. It is about 37 times the Sun’s 
width and 424 its luminosity 


V NGC 346 

Located within the Small Magellanic Cloud, this 
star-forming region contains more than 2,500 
infant stars. A cluster of dozens of hot blue stars 
lies at its heart. Energy from these stars is sculpting 
the surrounding nebula. Other newborn stars, which 
have not yet started the nuclear fusion process that 
will make them shine, are within the nebula. 
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KEY DATA 


Size ranking 44 


PAVO 
THE PEACOCK ea 


REPRESENTING THE EYE-CATCHING BIRD FROM INDIA, PAVO WAS FIRST DEPICTED Highest in sky at 10pm 

ON A CELESTIAL GLOBE IN 1598. THE CONSTELLATION IS FOUND ON THE EDGE OF eee ae re 

THE MILKY WAY, SOUTH OF TELESCOPIUM AND BETWEEN ARAANDINDUS. 8 3 3 3&3 eee 

Pavo is one of the 12 constellations devised by open tail feathers are drawn around a rectangle MAIN STARS 

the Dutch navigators Pieter Dirkszoon Keyser of stars. In the middle of this is Kappa Pavonis, a Sean ee 

and Frederick de Houtman, who voyaged in the yellow supergiant, and one of the brightest Cepheids. | , ‘> 179 light-years 

Carsten Hemisphere _ ies ae 16th century ane variables in the sky. Visible to the naked eye, this mee Ee piles ced eh ctiva eNcee etaicnnaea ha Aiacxie atte osodh cessanee hana tanta sha ereurn oa habe 

catalogued its stars. It is in a fairly featureless area Star varies in brightness every 9.1 days between DEEP-SKY OBJECTS 

of the sky but easily spotted because of its brightest magnitudes 3.9 and 4.8 as it expands and contracts. See eua 

star, Alpha Pavonis. Named Peacock in the late Pavo also contains an impressively bright globular Barred spiral galaxy 

1930s, it marks the bird's head, Pavo’ flamboyant slisies NEC 757 aleou blew thenakeleve. eae 
Globular cluster 
NGC 6782 


Barred spiral galaxy 


Peacock (a Pavonis) 
A blue-white giant of magnitude 1.9; 
it is about 5 times the Sun’s width 


fe 
Sle, 
and 2,200 times its luminosity . 


O D NGC 6752 
v4 & One of the largest and 

47) brightest globular clusters 
in the sky; at magnitude 
5.4, it is just visible with 
the naked eye 


NGC 6782 

A barred spiral galaxy 
with tightly wound 
arms; It is 180 million 
light-years away and is 
of magnitude 11.8 


NGC 6744 
A barred spiral galaxy lying 
about 30 million light-years 
away; it is almost face-on 
to Earth and can be seen 

with a small telescope 
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HYDRUS 
THE LITTLE WATER SNAKE 


HYDRUS FORMS A ZIGZAG IN THE SKY SOUTH OF THE BRILLIANT STAR ACHERNAR 
IN NEIGHBORING ERIDANUS. IT IS SOMETIMES CONFUSED WITH HYDRA, THE 
WATER SNAKE, BUT THE LATTER IS MUCH BIGGER AND LIES FARTHER NORTH. 


Hydrus is situated between the Large Magellanic explodes roughly once a month, and is easy to see 
Cloud in Dorado and the Small Magellanic Cloud with a small telescope. An outlying region of the 
in Tucana, with the star Achernar to the north. It Small Magellanic Cloud lies just within Hydrus. 

is one of the 12 constellations introduced by the 

Dutch navigators Pieter Dirkszoon Keyser and Evidan Us 


Frederick de Houtman in the 16th century. The 
snake pattern of the constellation is indistinct, 

and its bright stars are more easily thought of as a 
triangle, with Alpha, Beta, and Gamma Hyadri at the 
corners. North of Gamma is VW Hyari, a nova that 


Pi (st) Hydri 

A double star that is 
visible as two red giants 
through binoculars; one 
is about 470 light-years 
away, the other is half 
that distance again 


Alpha (a) Hydri 

A white subgiant about 
three times the width of 
the Sun and 30 times 
as luminous 


PGC 6240 

A large, old galaxy that 
lies 350 million light- 
years away. It is elliptical 
in shape with petal-like 
shells of stars 


Gamma (y) Hydri 
A red giant of magnitude VE 
3.3, about 60 times the 23 
width of the Sun and 
lying at a distance of 
214 light-years 


KEY DATA 


Size ranking 61 


Brightest stars Beta (f) 
2.8, Alpha (a) 2.8 


Highest in sky at 10pm 
October—Decembeer 


MAIN STARS 


Alpha (a) Hydri 
White subgiant 


02 2.8 ¢=> 72 light-years 


Beta (6) Hydri 
Yellow subgiant 


$92 2.8 ¢=> 24 light-years 


DEEP-SKY OBJECTS 


PGC 6240 (White Rose Galaxy) 
Elliptical galaxy 


NGC 602 
Cluster of young stars 


A NGC 602 


This star cluster lies at the heart of a huge star- 
forming nebula known as N90. Star formation 
started in the center of the cluster NGC 602 then 
moved outward. Radiation from the brilliant, blue, 
newly formed stars is continuing to sculpt the inner 
edges of the nebula, and the youngest stars are still 
forming along the nebula’'s long ridges of dust. 


Beta (6) Hydri 

A yellow subgiant lying 
only 24 light-years away; it 
is about the same mass as 
the Sun but is older and 
slightly more evolved 
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HO 


iT Wrnr 


| A 
| | 


an 


[I 
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A FAINT AND UNREMARKABLE SOUTHERN- 
SKY CONSTELLATION, HOROLOGIUM 
HOSTS A DISTANT GLOBULAR CLUSTER 

BUT CONTAINS NO BRIGHT STARS. 


Horologium occupies a region of sky 
that contains a sparse collection of 
stars, none of which is brighter than 
magnitude 3.9. It is one of the 14 
constellations introduced by French 
astronomer Nicolas Louis de Lacaille 
in the 1750s. A horologium was the type 
of clock used for precision timekeeping in 
astronomical observatories of the time. The 
center of the clock’s face is marked by the star 
Alpha Horologii and the pendulum “swings” 
between Beta and Lambda, but the picture can 
be reversed so that Alpha marks the bottom of 
the pendulum. Horologium's deep-sky objects 
include Arp-Madore 1, the most distant globular 
cluster orbiting the Milky Way. 


<1 NGC 1261 

This compact globular 
cluster of old stars lies 
about 50,000 light-years 
away. The combined 
light from the stars gives 
the cluster a magnitude 
of 8.6, making it a good 
object for observing 
through binoculars or 

a small telescope. 


A NGC 1512 


The bright center of this barred spiral galaxy is dominated by a 
region of star formation and infant star clusters 2,400 light-years 
across. The birth of stars is fueled by gas funneled into the heart 
of the galaxy. Blue stars and red star-forming clouds of glowing 
hydrogen outline the spiral arms on the galaxy’s outer edge. 
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KEY DATA 


Size ranking 58 


Brightest stars Alpha (a) 
3.9, R Horologii 4.7 


Highest in sky at 10pm 
October-December 


Alpha (a) Horologii 

An orange giant about 11 
times the width of the Sun. 
It is the constellation’s 
brightest star and is 115 
light-years from Earth 


MAIN STARS 


Alpha (co) Horologii 
Orange giant 


NGC 1512 

Visible with a small 
telescope, this barred spiral 
galaxy is about 38 million 
light-years away and Ie% 3.9 
70,000 light-years across 


= 115 light-years 


DEEP-SKY OBJECTS 


NGC 1261 
Globular cluster 


NGC 1512 
Barred spiral galaxy 


Arp—Madore 1 (AM1) 
Globular cluster 


Arp—Madore 1 (AM1) 
At 400,000 light-years 
from Earth, the most 
distant known globular 
cluster. It can be seen 
only with a large 
telescope 


R Horologii 

A red giant variable star 
that ranges between oth 
and 14th magnitudes 
about every 13 months. 
It is 685 light-years 


from Earth 
ro 
, < 
TW Horologii S 
A semi-regular red hy 
giant about 1,000 7 


light-years away. Its 
brightness varies as 
it alternately expands 
and contracts 


OCTANS 


219 


MENSA 


TRE TABLE MOUNTAIN 


THE FAINTEST CONSTELLATION OF ALL, 
MENSA IS NEAR THE SOUTH CELESTIAL 
POLE. THE LARGE MAGELLANIC CLOUD 
IS ON ITS BORDER WITH DORADO. 


Small and faint, Mensa was devised by French 
astronomer Nicolas Louis de Lacaille. He named 
it “Mons Mensae’ after Table Mountain, near 
Cape Town, South Africa, close to where he 
observed the southern skies in the 1750s. 
Mensa is the only one of the 14 constellations 
he defined that is not a scientific or artistic tool. 
Its most notable feature is the part of the Large 
Magellanic Cloud that Mensa includes. 


> Quasar PKS 0637-752 

This high-luminosity quasar is 6 billion light- 
years away and can only be studied using 
space-based telescopes. It radiates with the 
power of 10 trillion Suns from a region smaller 
than our Solar System. Its energy source is a 
supermassive black hole at its heart. 


Large Magellanic Cloud 
A disrupted barred spiral 
galaxy visible to the 
naked eye. It is 180,000 
light-years away and 


Alpha (a) Mensae 
At 33 light-years away, 
this yellow main- 
sequence star is one 
of the few stars similar 
to the Sun that can be 
seen by the naked eye 


orbits the Milky Way 


KEY DATA 


Size ranking 75 


Brightest stars Alpha (a) 
9.1, Gamma (y) 5.2 


Highest in sky at 10pm 
December—February 


Gamma (y) Mensae 
With Eta (n), this orange 
giant marks the flat top 
of the mountain. It is 
magnitude 5.2 and 102 
light-years from Earth 
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OCTANS 
THE OCTANT 


LOCATED IN A BARREN AREA OF SKY, 
OCTANS ENCOMPASSES THE SOUTH 
CELESTIAL POLE AND CONTAINS FEW 
SIGNIFICANT CELESTIAL OBJECTS. 


Devised in the 1750s by the French astronomer 
Nicolas Louis de Lacaille, this constellation 
was named for the then recently invented 
navigational instrument and forerunner to 

the better-known sextant, the octant. Its most 
notable feature is Sigma Octantis, the nearest 
naked-eye star to the South Celestial Pole. 
Gamma Octantis is a chain of three unrelated 
Stars, two yellow and one orange giant, usually 
able to be distinguished by the naked eye. 


Nu (v) Octantis 

An orange giant and 
Octans’ brightest star. 
It is magnitude 3.8 and 
72 light-years away 


Hyg ) 
L 
@5 


Beta (6) Octantis 

A white subgiant that is 

evolving into a giant. It is 
magnitude 4.1 and 149 

light-years from Earth 


KEY DATA 


Size ranking 50 


Brightest stars Nu (v) 3.8, 
Beta (6) 4.1 


Highest in sky at 10pm 
October 


Sigma (o) Octantis 

This yellow-white subgiant 
lies within 1° of the South 
Celestial Pole. It is of 
magnitude 5.4 and is 

280 light-years from Earth 


THE 
SOLAR SYSTEM 


Of the estimated 200 billion stars that make up the 
Milky Way, our home galaxy, only one is vital to our 
existence: a fairly unremarkable main-sequence star 
that we call the Sun. As is the case for most other 
Stars in the galaxy, the Sun did not form in isolation. 
Its mighty gravitational pull keeps hold of a family 
of bodies that formed with it, the largest of which 
we know as the planets. Five of these other worlds 


AROUND THESUN 


have been known since ancient times, from their 
wanderings among the stars in our night skies. 
Through the use of telescopes and space-based 
observatories, two more planets, hundreds of 
moons, and more than a million smaller objects, 
including comets and asteroids left over from the 
Solar System’s formation, have also been found. 
The planets orbit the Sun in a disk, with the paths 
of smaller bodies generally becoming more scattered 
farther away from the Sun. The innermost planets— 
Mercury, Venus, Karth, and Mars—are small, solid 
Slobes made up primarily of rock and metals. In 
contrast, the outer worlds—Jupiter, Saturn, Uranus, 
and Neptune—are giants formed of gas and liquid, 
each accompanied by a multitude of their own 
natural satellites. Despite the extensive knowledge 
<Sutacoatthesun corse, WE have of our neighbors, we may not yet fully 
vattcke-_a name thougraticnweae  abpreciate the scale of our planetary system. 


a tangled jumble of magnetic fields. The 


complex churning of the Sun's braided surface Indeed, large bodies IYlay lie vet undiscovered 


overlies the primary source of heat and light 
in our Solar System: the nuclear furnace that 


othe as aries: in the dark extremities of our Solar System. 
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i Fic SOLAR SYSTEM 


THE SOLAR SYSTEM FORMED FROM A SLOWLY ROTATING 
NEBULA OF GAS AND DUST AROUND 4.6 BILLION YEARS AGO. 
THE PLANETS AND COUNTLESS MINOR BODIES THAT ORBIT THE 
SUN WERE FORMED FROM ACCUMULATIONS OF GAS AND DUST. 


V The orbits of the planets 

All the planets follow stable paths around the Sun. These paths 
are almost circular and are close to lying in a flat disk. The speed 
of the planets’ motion depends on their distances from the Sun, 
so Mercury travels far more rapidly than Neptune. Comets, 
trans-Neptunian objects, and many asteroids follow more 
elliptical orbits, during which their distance from the Sun varies 
considerably. Some long-period comets follow extremely 
elongated paths that take them from very close to the Sun 

to vast distances away over periods of thousands of years. 


The distances from the Sun at which planets formed largely control 
their compositions, with the ices of water, methane, and other 
molecules becoming more dominant in the planets far from our 
star's warmth. The Solar System is much larger than just the orbits 
of the planet, continuing far beyond Neptune. Beyond the eighth 
planet lies a scattered disk of icy worlds, some of which are 
hundreds of miles across. Further than that is thought to lie 

a spherical cloud of small icy objects, known as the Oort Cloud. 


Saturn 

Dominated by its vast 
rings, the second-largest 
planet is the least dense 
in the Solar System 


’ , ; > a 
A “ad i y 
4 ver at 
1 fh ooe ;. 
sip, . 
The Sun ye Ed > @” 
This star contains over ‘—-  @ 
99.8 percent of the total ‘i ? 4 ha 
mass of the Solar System ‘> ‘oO . 
, &* > Z 
“9 Py ; ‘ 
‘ ‘ . 
Earth 
Our home orbits the Sun 
at just the right distance 
for liquid water to exist 
Mercury 
The smallest 
planet speeds 
around the Sun 
once every 88 
Earth days Mars 
Chilly Mars has a thin 
atmosphere and is ote 
Venus Almost conceivably a home ‘a > m 4 
Earth's twin in size, for primitive life oy oe 3 relat | 
this planet has a > Prag’ Orbiting almost 5 times 
thick, hot, noxious , 4 _ “farther from the Sun than 
atmosphere ‘2 a i Earth does, this vast body 
ry 4? “ @ is more massive than all 
4° ig > other planets put together 
p28. 
‘ 3? ad ae 
. o | gS Main asteroid belt 
2.3, % 0,2 Most rocky minor bodies 
a:@%8 occupy the space between 
. @ >% Mars and Jupiter 
, we 
a a%D ’ > 
>» , ae 2 
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nape ecr Rocky planets 
The planets nearest the Sun—Mercury, Venus, Earth, and Mars—contain 
<I The Oort Cloud far more rock and metal than gas. Each one has a surface shaped by 
Billions of the minor planets | h h | ial f he | ior has brok 
were thrown out of the Solar VOlcanoes, where hot, molten material from the interior has broken 


System by the gravity ofthe through the solid crust. Apart from Mercury, these planets possess a 
newly formed planets. These . gs 
inceseacnawiona ti: significant atmosphere that has protected its surface, to varying degrees, 
Outer layer of vast cloud of comets that from impacts. These atmospheres may have largely originated in 
Dene may stretch one-quarter of asteroid and comet impacts, with the latter possibly also delivering 
the way to the nearest star. a 
large quantities of water to the planets. Only Earth and Mars have 
moons. Marss natural satellites, Phobos and Deimos, are believed 


to be captured asteroids. 


Gas planets 

The four outer worlds—Jupiter, Saturn, Uranus, and Neptune—are 
bloated giants largely formed of gas surrounding a dense core, each 
accompanied by a large retinue of moons. When young, these planets 
grew large enough to draw in gas from the surrounding nebula. The 
motions of their churning atmospheres are driven by internal heat as 
well as energy from sunlight. Given their cold environments far from the 
Sun, these planets: many moons are predominantly worlds with water 


Uranus ice crusts, some heated inside due to the effects of tides. Some of these 
Too dim for the eye ; 

eco cninaded satellites have atmospheres, and others have active volcanoes. 

Uranus takes 84 pence sa a 
ears to orbit the Sun © OSU CISA ROW : p 
: planet lies more than Minor bodies 

30 times farther from ; 
the Sun than does Earth In the early Solar System, dust and ice grains first formed small bodies, 


and these then accumulated to form the planets. Billions of the small 
bodies did not, however, become parts of planets, and they remain as 
minor bodies today. These are the asteroids and comets, and studying 
their make-up can tell us much about conditions in the early Solar 


The term planet originates System. The smallest of these—some are mere dust grains—enter our 
atmosphere, appearing as meteors. Many larger minor bodies, however, 
from the ancient Greek term present Earth with a threat should a collision occur. Their rare impacts 
; can potentially lead to global disruption, as is thought to have occurred 
for wandering star 65 million years ago, leading to the extinction of the dinosaurs. 


A Asteroids A Dwarf planets and Trans-Neptunian objects A Comets 
Most of these bodies, such as 951 Gaspra (shown here), are too Numerous icy bodies orbit beyond Neptune, in a flat disk known Comets, such as 67P/Churyumov-Gerasimenko (shown here), are 
small to form spheres. Despite being mostly rocky, several are as the Kuiper Belt. Several of these are large enough to be classed — small, icy bodies. As they approach the Sun, their ice turns into 


now known to possess water ice under their surface. as dwarf planets, including Pluto (shown here). gas, releasing dust to create tails millions of miles long. 
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The upper layers of the 

sun’s atmosphere, 

U Ni the corona, is far hotter 
than the Sun’s surface 


ESSENTIAL TO LIFE ON EARTH BY PROVIDING US WITH 
WARMTH AND LIGHT, THE SUN MAY SEEM SPECIAL, 
BUT IT IS JUST A TYPICAL STAR. AS IT IS SO CLOSE TO 
US, IT HAS BEEN STUDIED IN GREAT DETAIL. 


Measuring 863,000 miles (1.39 million km) across and rotating every 
24.5 days, the Sun is a nuclear fusion furnace in which atoms are 
crushed together in its core, releasing vast quantities of heat and light. 
The surface that we see, at 10,800°F (6,000°C), is only part of a 
complex, seething jumble of magnetic field and charged particles. 
Almost everything we can see on the Sun is in a state of matter called a 
plasma, where gas has separated into negatively charged electrons and 
positively charged ions (atoms or molecules that have lost electrons). 
The Sun has an activity cycle of around 11 years, during which the 
numbers of sunspots, flares, and eruptions rise and fall significantly. 


The solar wind 

A flow of charged particles, called the solar wind, flows 
continuously from the Sun into space at hundreds of miles per 
second. This wind carves out an enormous bubble in space called 
the heliosphere; Earth and all the other planets orbit within It, 
shielded from interstellar space. Like weather on the Earth, the 
solar wind is variable. It can be gusty, and its effects on planets 
and comets can change abruptly. 


> solar wind Earth's magnetic field gets 
N stretched out on the side 
farthest from the Sun 


Sun | (2 


Near Earth, charged particles 
Bow shock are trapped by the magnetic field 


A Earth’s magnetosphere 

Our planet is protected from the solar wind 
by its magnetic field. This magnetic bubble, 
called the magnetosphere, allows the solar 
wind to usually only affect Earth near the 
poles, where the northern and southern 
lights—the aurorae—are seen. 


> Saturn's aurora 

Like Earth and most other planets, Saturn has 
a magnetosphere. The interaction between 
the solar wind and the planet's magnetic field 
generates aurora near its poles, as occurs on 
our planet. Here, ultraviolet light shows the 
southern lights near the South Pole. 
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Surface features 
Almost all the features seen on the Sun are 
controlled by its magnetic field. Large-scale 
dark patches in hot plasma indicate coronal 
holes, which are the source of much of the 
solar wind. The magnetic field at these holes 
escapes into space with the wind. Bright 
patches indicate tightly bunched, twisted 
magnetic fields trapping hot plasma, and are 
Prominence termed active regions. They usually overlie 
i sunspots. When an active region erupts, it 
becomes a solar flare, which is bright at all 
wavelengths for minutes or longer. 


A Sunspots 

These dark regions are cooler than their surroundings, but are 
still extremely hot. They indicate where bundles of magnetic 
fields from the Sun's interior have broken through the surface. 


A Prominence 

A lifted, plumelike region of cooler, denser plasma that 
emerges from the Sun's visible surface (the photosphere) 
is called a prominence. 


This image is showing a layer 
in the Sun’s atmosphere called 
the chromosphere, which lies 
above the visible photosphere 


A The Sun in ultraviolet light 

By observing the Sun at different wavelengths, we see 
components of different temperature. This ultraviolet view 
shows material that is around 108,000°F (60,000°C), or ten 


times hotter than the visible surface. It is much more highly A Coronal mass ejections 
structured than the visible light view, showing bright areas of These are eruptions of plasma that are sent out into space. 
dense, hot plasma, and cooler, dark areas, termed filaments, They occur with a range of sizes and speeds. Some can 


suspended above the surface by magnetic fields. have dramatic effects on Earth's magnetosphere. 
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Mercury 

a { L- NI NI E R With a diameter of 3,032 miles (4,879 km), Mercury is the smallest of 
the terrestrial planets. It is, however, very dense. It has a huge iron core 

- [A NI ETS that generates a planet-wide magnetic field, similar to that of Earth. 
The planet has an extremely thin atmosphere that barely differs from 
a vacuum, much of which is kicked up 

THE INNER PLANETS, INCLUDING OUR OWN PLANET, by particles from the Sun striking 

ARE ALL ROCKY BODIES. BASKING IN THE WARMTH the surface. It is a world of 

RELATIVELY CLOSE TO THE SUN, ALL THESE FOUR BODIES temperature extremes, 

HAVE SOLID, ROCKY CRUSTS, BUT ARE DIVERSE WORLDS. extending from -274 to 


788° F (-170 to 420°C). 
The sizes of the planets’ atmospheres are controlled by 


their gravitational pull. Mercury is too small to sustain any 
Mercury’s surface is similar 


significant atmosphere. Mars’ air is gradually being lost, to the Moon in appearance: 
and was previously be much more extensive. Venus and covered in countless Impact 

craters, but also some smooth 
Earth can retain thick atmospheres. areas formed from lava flows. 
Venus 


Despite almost being Earth's twin in terms of size, with a 
diameter of 7,521 miles (12,104 km), Venus has evolved 
along a very different path to our planet. The planet rotates 
very slowly every 243 Earth days and is covered in outflows 
from many volcanoes. Its extremely thick atmosphere gives 
it a surface pressure 90 times higher than Earth's, at a 
temperature of around 860°F (460°C). 


<{ Mercury crater 

Fresh impact craters like this one show 
that Mercury's soil and rocks are varied 
in composition. This strike by a small 
asteroid has thrown up bright material 
from just under the surface. 


The filtering of sunlight 
eae by Venus’s thick clouds 
OE ae makes its mostly gray 

Site ae ae surface appear orange 


Z; : Thick layers Sunlight <1 The greenhouse effect 
4 of cloud / ho _ The extremely high surface 
Infrared radiation termperature on Venus is due 
trapped by atmosphere 


to its thick atmosphere and 
clouds. The gases surrounding 
the planet allow in some 
sunlight, which heats the 
planet's surface. The warmed 
ground glows at infrared 
wavelengths. The atmosphere 
prevents this heat from 
escaping into space. 


A Venus surface 


Radar observations that can penetrate Venus's thick clouds 
reveal its surface to be almost entirely covered by volcanoes 
and lava flows; there are very few impact craters. 


Earth 


Our home is the largest of the inner planets, measuring 
7,926 miles (12,756 km) across. Earth’s surface has few 
visible impact craters—their remains have mostly been 
erased by the effects of air and water. The vast seas hide a 
unique feature: the ocean floor is being gradually replenished 
by fresh rock from long chains of underwater volcanoes. 
The sea floor moves very gradually like a giant conveyor 
belt, sinking back into the interior under the continents. 


A Water and life 


Earth's distance from the Sun and the thickness of its 
atmosphere allow water to exist as a liquid, solid, and 
gas. The presence of liquid water is thought to have 
been essential for life to begin here. Why Earth has 
quite so much water is currently unknown. 


Most the surface rocks on 

Mars have been oxidized, like 
the rust seen on some metals, 
giving them an orange colour. 


Earth's rotation 


spin axis 


A Earth tilt and axial rotation 
As Earth's spin axis is tilted by 23.5°, a part of it 
is always tilted toward the Sun. This gives rise to 

the seasons. During half of the year, the Northern 
Hemisphere receives most sunlight, and the Southern 
Hemisphere receives most during the other half. 


Mars 

Mars has a surface almost equal in area to that of Earth's continents. The so-called 
Red Plant, at 4,220 miles- (6,792 km-) wide and most similar to Earth at its surface, 
is one of the few other places in our Solar System where life could have arisen, and 
may even exist today (see p.82). The planet's air is now too thin to support liquid 
water for long, even when the temperature creeps above 32°F (0°C). There is, 
however, plenty of evidence that the air was once thicker, and conditions for 
Martian life were much better billions of years ago. 


A Mars surface A Evidence of water 

Few worlds have terrains as diverse as Mars, from its Mars displays features such as channels and canyons 
heavily cratered ancient lands to smooth plains and that clearly indicate that water flowed on its surface 
plunging canyons. Its highest volcano, Olympus Mons, in the ancient past. There are also signs of brief water 
reaches 15 miles (25 km) above the planet's rocky flows today, as seen on the slopes of this crater. 
surface, while the huge Valles Marineris canyon Sunlight is thought to melt water ice buried under the 


plunges 4 miles (7 km) below the surrounding plains. surface, which flows before evaporating in the thin air. 
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Saturn 
| = EF O U T E R Measuring over 75,898 miles (120,536 km) across, Saturn 
is the second-largest planet. It has a banded atmosphere 
D> [A Ni ETS similar to Jupiter's, but its cloud structures are _ 
more muted. The planet is surrounded by an | 


extensive ring system, probably the remains 


UNLIKE THE ROCKY COMPOSITION OF THE INNER PLAN ETS, THE of a destroyed moon. Its largest moon, Titan, 
FOUR GIANT OUTER PLANETS ARE LARGELY MADE OF GAS. THESE has a thick atmosphere with a surface pressure 
MASSIVE BODIES HAVE DOZENS OF MOONS, EACH FORMING A higher than that at Earth's surface. 


MINIATURE PLANETARY SYSTEM. 


All four outer planets are much larger than Earth. Despite their size, 
they all have days shorter than Earth's. This rapid rotation leads to their 
atmosphere splitting up into bands. Visits by spacecraft have shown 
that they all possess a magnetic field, and aurorae occur in their 
atmospheres. The four bodies all have ring systems, but Saturn 

has the most extensive by far. 


Jupiter’s bands alternate 
between light-colored 
regions of rising air and 
darker regions of falling air A Saturn's rings 
Saturn's rings are composed of chunks of almost pure water ice, with 
a tiny amount of dust. One of the largest rings, called the E ring, is 
still fed by ice grains erupting from the moon Enceladus. 


Jupiter 

Measuring 88,846 miles (142,984 km) across, its equator 
could fit ten Earths side-by-side. The largest planet's great 
mass affects the orbits of many bodies, and numerous 
comets orbits have been altered by its presence. This vast 
planet has an extremely strong magnetic field. High energy 
particles are trapped by this field, making it a dangerous 
place for human exploration. 


<1 Giant Red Spot 

This spectacular, churning 

storm has existed in Jupiter's 
atmosphere for at least 300 years. 
Typically measuring 18,600 miles 
(30,000 km) across, Earth would 
fit inside it two or three times. It 
varies in shape and darkness, and 
its red color is probably due to 
chemicals being drawn up from 
deeper in the atmosphere. 


> Europa 

This large moon of Jupiter is a world of ice. 
Europa's cracked surface covers a global 
ocean of water heated by the effects of 
tides. This combination of water and heat 
means it's one of the few places where life 
could have arisen. 


The rings are split into regions of 
varying density, shepherded by the 
gravitational effects of Saturn’s moons 


<1 Enceladus 

This moon, at 313 miles 

(504 km) wide, is the most 
reflective body in the Solar 
System. Its bright water-ice 
surface covers a liquid ocean, 
which might be a haven for 
life. Icy grains and water vapor 
erupt into space from ice 
volcanoes near the moon's 
south pole. 


Uranus 


The first planet to be discovered through the use of a 
telescope, Uranus is a bizarre world. Measuring at 31,763 
miles (51,118km) wide, it spins on its side, resulting in 
extreme seasons. The atmosphere is very bland around 
midwinter, but bursts into activity when the Sun heats the 


equator. The planets thin rings were first discovered in 1977, 


when they briefly blocked the light from a distant star. 


Uranus’s blue color 
is due to the methane 

in its atmosphere 
absorbing red light 


> Uranus structure 

The planet has a sizeable solid core, 
which is likely to have formed from 
an icy body that grew large enough 
to draw in gas during its early history. 


Neptune 

This planet's presence and rough location 
were predicted due to its effect on other 
planets. Neptune is 30,500 miles (49,775 km) 
wide and has a much more active atmosphere 
than Uranus, possessing huge storms. It has 
a large moon, Triton, whose backward orbit 
indicates that it was captured by Neptune 

in the distant past. Neptune's rings are 
uneven, consisting of concentrated arcs of 
material trapped inside tenuous rings. 


A Neptune's clouds 

In 1982, after journeying to the far edges 
of the Solar System, Voyager 2 found a 
scene reminiscent of Earth. However, these 
white clouds in Neptune's atmosphere 
are thought to be frozen methane. 


As for all the giant planets, 
Neptune’s atmosphere is 
primarily hydrogen and 
helium. Like Uranus, it 
also contains methane 


Neptune’s weather activity 
and fast winds indicate 
that there’s a source of 

heat in the planet’s interior 
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Mare Imbrium (Sea of _ in 
Rains) is one of the Pe ae 
largest of the lunar maria a GP ore ee 

ita 3 


EARTH IS THE ONLY PLANET IN THE SOLAR SYSTEM WITH A MOON 
COMPARABLE IN SIZE TO ITSELF, BUT OUR NATURAL SATELLITE IS A 
COMPLETELY DRY, AIRLESS ENVIRONMENT. 


Formation and structure Crust is thicker on the 
The Moon was almost certainly formed ees a 
when a large, Mars-sized body struck a 
young Earth, throwing debris into space 
that eventually merged to form the body 
we see today. Its orbit has gradually 
widened and lengthened, and today, the 
Moon orbits Earth every 27.3 days. The 
Moon's interior was once warm enough 
for many volcanic eruptions, but such A Offset structure 


_ Tidal forces created by Earth's gravity 
activity has now stopped. early in the Moon's history distorted 


the Moon's symmetry. 


Core offset 
toward Earth 


Surface features mn, mY 
The Moon's surface has been pounded by countless rf - fs : me « S 
impacts for billions of years. Much of the ground is | aes Be a 
covered by craters of all sizes. Looking by eye from 
Earth, the obvious features on the Moon are its dark 
patches. These, the seas, or maria, are where very fluid 
lava flooded large impact basins. These large eruptions 
ended just over a billion years ago. 


<{ Hayn impact crater 
This typical impact 
crater was formed when 
an asteroid or comet hit 
the Moon. It has a flat 
floor and central peaks, 
where the Moon's 
surface rebounded. 


<{ Lava plain 
The maria are vast expanses of lava 
that have covered several large areas 
of the Moon. They are not, however, 
perfectly smooth. Wrinkle ridges show 
where the lava cooled and shrank. 


<1 Sink hole 
This pit, less than 330 ft (100 m) across, 
is where a sub-surface channel that 
once carried lava has collapsed. Similar 
features are seen in volcanic areas 

on Earth. 
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Earth's satellite 

The Moon is responsible for the tides in Earth's seas: 

it pulls water toward it, thereby raising a bulge on 

one side of the planet. Another bulge forms on the 
opposite side of the planet, where the Moons gravity is 
weakest. The Moon's presence may also have stabilized 
Earth's spin axis, which has helped life develop here. 


cb Whee 


Montes Caucasus 


Full Moon Half Moon 
Completely illuminated 50 per cent illuminated 
as seen from Earth as seen from Earth 


Point where Moon Point where Moon 
is farthest from Earth is closest to Earth 


< id 


New Moon 
No part illuminated as 
seen from Earth 


¢ To the Sun 


A Phases of the Moon 


The Moon shows phases during its orbit around the Earth, as the 
amount of sunlit ground seen from Earth varies. The orbit isn't circular 
since the distance between Earth and the Moon varies from 225,300 
to 251,900 miles (362,600 to 405,400 km). 


A Astronauts on the Moon 

Twelve astronauts walked on the Moon between 1969 and 1972, during 
six Apollo missions. Their work, and the study of the rocks and soil that 
they returned to Earth, transformed lunar science. 


This image, taken 
between the Earth 
and the Sun, shows 
our planet almost 
fully illuminated 


Only a small 
amount of the 
Moon’s far side is 
covered in maria 


<| Near side of the Moon 
It takes the Moon the same amount 


of time to spin on its own axis as it A Earth and Moon still 

takes for it to orbit Earth. Known The differences between the surfaces of our planet and the Moon are 

as synchronous rotation, it means obvious in this image. The grayish lunar surface reflects only 12 percent of 
that the side of the Moon shown the light falling on it, whilst the colorful Earth reflects around 30 percent. 


here is always facing Earth. The Moon's far side, never seen from Earth, is visible here. 


REFERENCE 
SECTION 
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STARS AN!) STAR GROUPS 


Bright stars 
The stars seen at night have different brightnesses. Sirius, the brightest, faintest. Today we call these importances “apparent magnitudes.” Each 
appears about 1,000 times brighter than the faintest seen with the unit of apparent magnitude is 2.51 times fainter than the one before. A 
naked eye. The ancient Greek astronomer, Hipparchus, grouped the stars absolute magnitude is the apparent magnitude it would have if at 
stars into “importance” categories, 1 being the brightest and 6 the a standard distance of 32.6 light-years. 

BRIGHTEST STARS 

Name Constellation Apparent Absolute Distance from Earth Type 

magnitude magnitude (in light-years) 

Sirius Canis Major -1.4/ 1.42 8.6 Blue-white main-sequence 

Canopus Carina 0.72 5.50 310 White giant 

Rigel Kentaurus Centaurus 0.28 4.07 44 Yellow main-sequence 

Arcturus Bootes 0.10 0.31 37 Orange giant 

Vega Lyra 0.03 (variable) 0.58 25 Blue-white main-sequence 

Capella Auriga 0.08 0.48 43 Yellow giant 

Rigel Orion 0.13 (variable) -/,92 860 Blue supergiant 

Procyon Canis Minor 0.40 2.68 11 White main-sequence 

Achernar Eridanus 0.50 Zt 144 Blue-white main-sequence 

Betelgeuse Orion 0.45 (variable) 5.14 498 Red supergiant 

Hadar Centaurus 0.61 (variable) 20 390 Blue-white giant 

Altair Aquila 0.76 (variable) 2.20 if White main-sequence 

Acrux Crux Oi 419 S22 Blue-white subgiant 

Aldebaran Taurus 0.87 0.63 67 Red giant 

Spica Virgo 0.98 (variable) 3.55 250 Blue-white giant 

Antares Scorpius 0.90 (variable) 5.20 550 Orange giant 

Pollux Gemini iei6 1.09 34 Orange giant 

Fomalhaut Piscis Austrinus 1.16 iP ge 29.0 Blue-white main-sequence 

Mimosa Crux 1.25 (variable) One 218 Blue-white giant 


Deneb Cygnus 1320 -8.38 1,400 Blue-white supergiant 
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Stellar giants 

The vast majority of stars are too far away to have their radii measured 
directly. Size is usually estimated using a physical law that links radius, 
energy output, and surface temperature. Because many of the biggest 
Stars pulsate, the resulting size accuracy is only about 10 percent. 
Theoretically, it has been estimated that giant stars become unstable 

if bigger than about 1,500 times the size of the Sun. The orbits of Earth 
and Jupiter are 215 and 1,120 the radius of the Sun, so all the stars in 
this list are bigger than Jupiter's orbit 


Nearby stars and star groups 

Over 90 percent of the Sun's neighbors are main-sequence stars, and 
50 percent are in binary or triple groups. Typically, the average spacing 
is about seven light-years. It would take spacecraft such Voyager 1 
about 100,000 years to travel this far. 


CLOSEST STARS AND GROUPS 


Name Group Component stars Apparent 
magnitude 
Sun Single 26.78 
Ta °C ee ane ee eee re 
Aloha Centauri A 0.01 
Alpha Centauri B 1.34 
Barnard’s Star single 9.53 
Wolf 359 single 13.44 
Lalande 21185 single 7.47 
- Alpha Canis Majoris A -1.43 
ome re Alpha Canis Majoris B 8.44 
BL Ceti 12.54 
Luyten 726-8 Double UV Ceti 42.99 
Ross 154 single 10.43 
Ross 248 single 12.29 
Epsilon Eridani single 349 
Lacaille 9352 Single 7.34 
Ross 128 single 11.13 
EZ Aquarii Triple EZ Aquarii A Ics 
EZ Aquarii B ered 
EZ Aquarii C 14.03 
praoual DeUbIG Alpha Canis Minoris A 2.66 
y Alpha Canis Minoris B 12,98 
61 Cygni Double Eos ey 


61 Cygni B Ord | 


LARGEST KNOWN STARS (BY RADIUS) 


Name Estimated radius Type 
(1=Radius of the Sun) 

UY Scuti 1,700 Red supergiant 
ert nate Dea oer : a eee ee ne ree a rs nana Se RT 
ane A eT i sie een ae ere si is serio eae IRE ane Se Re 
peers ee A - Se NT si penne Ee 
ieee Re ee oe ee ee aT eee eR Tee ee ee ee 
gem 8 ee : oe ea RT ste se ET 
ne ua TTR , we ETN ae Cea eT ane a PRATT eNO TRI em TTT 
pecrncrnsees een eee : a ete nen eee sine en RIE SEO OER AREA 
we ce AS TORT " ee ARR eee ee ED ae = TL ae Tee 
ree ASE RATT NCUA , re SOD De RRO CANTER ae so SEIDEL ER EERSTE 


Proxima Centauri will remain the closest star to the Sun for the 
next 25,000 years, after which Alpha Centauri takes over. This list 
will slowly change as the Sun travels around its Galactic orbit 
every 225,000,000 years. 


Absolute Distance from Earth Type 
magnitude (in light-years) 
482 0.000016 Yellow main-sequence 

Set eee ee ee a ee 
4.38 44 Yellow main-sequence 
5.71 44 Orange main-sequence 
13:22 5.9 Red main-sequence 
16.55 7.8 Red main-sequence 
10.44 B13 Red main-sequence 
1.47 8.6 Blue-white main-sequence 
11.34 8.6 White dwarf 
15.40 8./ Red main-sequence 
19:89 8.7 Red main-sequence 
13.07 9.7 Red main-sequence 
14.79 10:3 Red main-sequence 
6.19 10.5 Orange main-sequence 
9.75 107 Red main-sequence 
13.51 10.9 Red main-sequence 

- 15.64 Wes Red main-sequence 
ilooo Wes Red main-sequence 
16.34 Wks Red main-sequence 
2.66 11.4 White main-sequence 
12.98 11.4 White dwarf 
7.49 11.4 Orange main-sequence 
8.31 lee Orange main-sequence 


238 REFERENCE 


CONSTELLATIONS 


Patterns in the sky 

The sky is divided into 88 areas, most of which contain a recognizable = Around 150 ce, Ptolemy listed the 48 constellations that could be seen 
pattern of stars. These constellations help astronomers name stars, from the Mediterranean region. In the 1590s Dutch explorers increased 
describe the positions of planets and comets, and generally find their way _ this list when they travelled across the equator to the southern oceans. 
around. The naming of celestial regions started around 4,000 years ago. More additions were made by astronomers in the 17th Century. 


THE CONSTELLATIONS (RANKED BY AREA 


Rank Name Abbreviation Named by Rank Name Abbreviation Named by 
1 Hydra Hya Ptolemy - 45 Grus Gru Keyser/De Houtman 

i Re ee ee ae ae ners 1 ne eer ee ff ee sree Sa ten ES 
a . ae a ae eee (ji iat (ane ae ace er a 
cae as es 1 ee 7s eee neloinan eT 
pian se ne sie OLN eI pal ar aan err ETT 
-— 7 a <a)! eA: — | 7 
ama a Se si See eae La eer TD : ee TREE ; site Le - a EERE: eee Re 
cs es ey : as Te CT Re ATE if eA ann ae ee 
Pa Sr aaa an : st RRR RRS ean ane ora 1 aaa: : is See N ee Re 
oo Tate ee eee ee er re LL AEE : ae OS eT: 7 aaa ana 
Pema ' ee Se ; i ee NT ee ee : sae Eee ee ene ee ges Ree naa Rare enaCE URC ERC | as oo all 
—— a oe : ERE Pe gn Teaneg TF a 

ge te aac A : oe a sa TT TI ec cae 
Temas os or : arn 4 ; Pach OCEAN oo i 
Cn nT EL TE : i ees ORO iii ici aa 
eo Be eee : aa ee ee a ara os : con AL ee 
eerie sisi saat iaca : aa ERLE NNN sii ; i LALA RATT ? ‘ ea RTT ; seccarei es 
a Gea Peat Reenter ener Tr nae Te as es eee 
Pe i ei a : oe a ae ai aad nne : ae ee 
4 : ine ie eee eee : Ff aera ee rere ee oT =" en eal Ronen aema 
ae see Re eT yi : anes 0 . i, ae 1 a eS : e EE serene racic 
ee cae ere eereman Sea cee eerie ae a ene eee ee | , ean Ree eee re eee 
Pane sei Nae a eae a : zi nae it TEAC i EN Tee: , sa eee 
eee ee ee ea: — 4 ee Tae 
ra ee ee Pe ER ee mem eae ae ARAL EES 
— oC ee ee he ae OO 
ag a a LT ae 
ge ae ea EEE a preneenrnnaretaapaeennacs a aT TTI eer ee ener 
ae an aan Caen LAO TS ae ae aaa AA ASA Re 
rans armas a ae ee eee ree Or ee ee 
eae ee ere ee RT Nee Te i ae na 
os er ar oo Tee aes 7 7 es: ae roe iis OTA 
ae sie Tea ann re Sh TE me te ea cae 7 eee eae 
oe caress Noes teleale Tea eee a CE ED 
cg na ela sa inilitis ne ea ee LOTTO 
co aT Sh ara eee eae Ee eee "RR oreo aes aero ome a GON EAE NOHO 
alan Caan | ME paar ie ROTO ae ce a aaa aman TY 
oe are aaa ee aT ea ee 
gas sic rce seas penc enamine sau ’ piu: rt So eesauaemans sn cacao re Le 
> eR Pe reer rev i PS GL ROT Sunnah ee a eter rer oo 7 ia es oT 
7 ae a ac iin npc epeuiinns sts sienna sea cara 
ae aaa oo eee ara male 5 ernie ttre ree re on Spore re erent ee nena Sie eee tee sae 1 ries eee eee ee 
cagetaenncn re nS aR CT 7 a ee NADLER ES pias oe ee Ra NC 2 FRET Se ERT a ee RR Le 


44 Pavo Pav Keyser/De Houtman : 88 Crux Cru Joao Faras 
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MILKY WAY 


The Local Group 

The Local Group of galaxies is a gravitationally bound cluster of over 
54 galaxies, mainly dwarfs, and is about 10 million light-years across. 
It is dominated by three giant galaxies; the Milky Way, Andromeda, 
and Triangulum. Each of these has a swarm of orbiting smaller satellite 


THE LOCAL GROUP OF GALAXIES 


OTHER GALAXIES 


galaxies. The Local Group was first recognized in 1936 by the American 
astronomer Edwin Hubble. The membership of some of the outliers 

(such as Antlia Dwarf, Sextans A, and NGC 3109) is debatable. Other, as 
yet undiscovered, members could be hidden behind the giant galaxies. 


Name Type Distance from Diameter Name Type Distance from Diameter 
Solar System Solar System 
light-years light-years 

Milky Way Barred spiral 0 100,000 : IC 1613 Irregular 2,365,000 10,000 
geaeraeaate eee eine ee : ae ee Oe : a er ee eam: ee ee ae . era eee nee eee ares 
igeacaurarse SHARC Ser ee oT re ENS ETE TTT ee ee eT spas eee i ere ea ee ETRE sia Ree 
grrr RES <a eee ae Sc ETE : caer rere et Rene ee ee eres ae ee ee er ae eee 
peat a ae AEE LAAT TT oe eae ear ce es eh aaa ee LRN Ta RENT sie SAN: se ean 
saa Sree ESMOND OOAES as re ener : ae enn ee eae PRON eee cea OTE ae [A Seder ne ESAS 
iar air eee sume ‘ sa ee, ; ee ee ee rere ees Sere te nee St sia ene 
gprs ee oe ee ean re ee ee aa ee ee seo ERT ace eine ee ean See an an SRT 
iS sa ee ae Teer se eee se EEN Ss ee RT sea ene ae si Sener ae 
greece ee ee eer eee a AN oan eee | eee NEL RE Fal LASSI WAG RTT IE ser PERL spe peo 
nea sscceiemeis ere See seca aT a is : He See eT ee panne sais Seta 

Carina Dwarf Dwarf elliptical 329,000 2,000 Tucana Dwarf Dwart elliptical 2,870,000 2,000 
ieee aera ors eee ; sai SERRE eRe si Re : ta SeaRN aR ye Le Ce ; ssa Se : | a 
ne Sine ee ae ae ae ee Be nee eee races a ee ee es uae Te ee eee ae ee 
wa EEE ETE eee nen Tee re oceania se SRR TE eee Serre ROE TE si ceases ateeeaesaaacami seine RR se Sadia 
aera ies et Ae eee nee RT a te eicae cee ee ee cs Oe ee ee ere nae ern ane ne 
isa lar saa ee eee ee ae ree ee ae si Lae oe ae sara See ; ee Sas, — es 
a camer ee ee Cae ee an ree ra aaaaaaaaaamaaaaa Sai SAI aR Re TOE ARETE mare eae ewe seine Seer ree 
aaa See ene eR ee ene ce NOR PE eR a ssa eT eT ae ee ERENT ee ree see 
Pe ; ee ee 


Galaxy clusters and groups 

Galaxies in the Universe are not distributed at random. They are 

in gravitationally bound groups containing tens to thousands of 
individuals. Dominating our region is The Great Attractor (the main 
component of which is the Norma Cluster). This is so massive it 
affects the normal expansion of the Universe discovered by Edwin 
Hubble. Clusters accumulate together to form superclusters. Cluster 
diameters are between 6 and 30 million light-years. 


Galaxy cluster 
MACS J0416.1-2403 
in Eridanus 


GALAXY CLUSTERS AND GROUPS 


Name Distance Recessional velocity 
millions of light-years miles per second (km per second) 

Local Group 0 
penn eae ee ee : Pere rear ee ssn LASSIE 
yaaa Ta " POL ee TOT vere Sena Tae ee 
serene Shona enn a EE ETT ree ete eee ere ee 
iat - oie iam See i EE re eee ca acta 
—. 8 prise pom ee . ene eee en ee er rae ences SEI OER 
aan Sane : i sssaciataicaesatieaaiiseaitienans pati a ee ee 
~ es ine eres metas 7 LLL TN ronan LEE EE. ORRIN 
naan Pe Rae RTE - NT a Ree ETT su scat ieee ania 
prenres ee ; eed ee Seer ; een er ee ee ere 
een ee i ST eee TRC TeRCRT RCRA ste F F TRE 
pean SN REE: : SAAT se a ee ee 
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MESSIER ORIEC IS 


Deep-sky catalog 

The French astronomer Charles Messier (1730-1817) produced a and did not want to confuse transient comets with similar-looking 
catalog of nebulae and star clusters easily visible in small telescopes. His | permanent bodies. He used a 10-cm refractor telescope in Paris, so 
designations (for example M31 for Andromeda Galaxy) are still much in objects south of -35.7° declination were not included. His catalog, 
use today. Messier was a comet hunter (he discovered 13) started in 1760, finally listed 110 objects. 


MESSIER CATALOGUE 


Messier — Constellation Common name Object type Messier — Constellation Common name Object type 

number : number 

M1 Taurus Crab Nebula supernova remnant : M31 Andromeda Andromeda Galaxy Spiral galaxy 
ie Mae Pre Tree tee een reese ett Pew omer tree Werte ae ee aR Tee RETR Eee See cices eee 
- eee neon a eae Te Tn AONE eee eT anaemia ena ima aaaaaia haat sails ee ne a 
i ee _ rere ee ee ee : ae Se eee : . Penner ae ee ee : ae ee eee 
i eee , ae ea eee Ne Eee TE ae TTR eee ere : conus Ra “ . es : _ eee eee eM Te Lea eee TI Teen ; ei ee Te 
~ ee ae ee errs ere ane eee ; eee ee - . ue re eee ee eee ere ere ee eee ; ae ee eee 
ys eee ae Renae aaa ena ; ani a ee ae “ saa eee ee ee ae ee EE a eee eT ; seus Senne ae 
Fe Nana an Gk ee nee aE ee eee es ee eee . ae NESSES SEO EAR eT SERCO DETTE OU. LENE RR GETTER ; sorta Ee eee 
ie Spee : A ses Ree E TEST ena ee ENRON : o eet eee ee “ " ee : ae ALENT Na LAMAR aN RENT EERE mT Rea : ee EA 
ee ; ae SSR Se EST ARI REE eR et ENR TENE : See eee ee - 7 es . a; °°”°”*Ce PRODI REET OAES es ee 
dae ee ee eee ; ae ae aE: ap se eet a ; sais ene Ree 

M12 Ophiuchus Globular cluster : M42 Orion Orion Nebula Emission/reflection nebula 
wae St ~~ ERR mee EMT TT RPE Een RE TTP aT ert EE ; aaa eee : = eR aT sane Ss eens cuss 
ae aD : iene Be EOE aa DECIDE eto UE TEEPE ; ro rr ene ; ae See eee eee ; eae ee : Side aa ea ae 
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M30 Capricornus Globular cluster M60 Virgo Elliptical galaxy 
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Spiral galaxy 
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Possibly lenticular galaxy 
NGC 5866 in Virgo 
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Messier _ Constellation Common name 

number 

M61 Virgo 

M62 Ophiuchus 

M63 Canes Venatici Sunflower Galaxy 

M64 Coma Berenices Black Eye Galaxy 

M65 Leo 

M66 Leo 

M67 Cancer 

M68 Hydra 

M69 Sagittarius 

M70 Sagittarius 

M71 Sagitta 

M72 Aquarius 

M73 Aquarius 

M74 Pisces 
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Spiral galaxy M98 Coma Berenices 

Globular cluster M99 Coma Berenices 

Spiral galaxy M100 Coma Berenices 

Spiral galaxy M101 Ursa Major Pinwheel Galaxy 
Spiral galaxy M102 Identification unknown 
Spiral galaxy M103 Cassiopeia 

Open cluster M104 Virgo Sombrero Galaxy 
Globular cluster M105 Leo 

Globular cluster M106 Canes Venatici 

Globular cluster - M107 Ophiuchus 

Globular cluster - M108 Ursa Major 

Globular cluster - M109 Ursa Major 

Asterism M110 Andromeda 

Spiral galaxy 


Planetary nebula 


Star-forming gas clouds the Lagoon Nebula (M8) 
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Absolute magnitude 

A measure of the true brightness of a star 
or other astronomical object, defined as 
the apparent magnitude it would have at 
a distance of 10 parsecs (32.6 light-years). 
See also apparent magnitude, luminosity 


Accretion 

(1) The colliding and sticking together 
of small astronomical bodies to make 
larger ones. (2) The process whereby a 
body grows in mass by accumulating 
matter from its surroundings. 


Active galaxy 

A galaxy that emits an exceptional 
amount of electromagnetic radiation 
over a wide range of wavelengths. The 
radiation comes from a central “active 
galactic nucelus” and is thought to be 
powered by the accretion of gas onto 
a supermassive black hole. There are 
several named types, although the 
apparent differences between them 
may be because we are viewing them 
at different angles as seen from Earth. 
See also blazar, quasar, Seyfert galaxy 


Apparent magnitude 

A measure of the brightness of a star 
or other astronomical object as seen 
from Earth, which depends on its 
closeness as well as how luminous it 
really is. The brighter the object, the 
smaller the numerical value of its 
apparent magnitude. See also absolute 
magnitude, luminosity 


Asterism 

A pattern of bright stars in the night sky 
that is usually only part of a constellation. 
For example, the Big Dipper (or Plough) is 
an asterism within the constellation Ursa 
Major. See also constellation 


Asteroid 

A small, irregularly shaped Solar System 
object of rock or metal less than 600 
miles (1,000 km) in diameter. Most, but 
not all, asteroids are found in the Asteroid 
Belt between Mars and Jupiter. 


Astronomical unit (AU) 

A unit of distance based on the 

average distance between Earth and the 
Sun. It is approximately 93 million miles 
(150 million km). 


Atmosphere 

A gaseous surround to a planet or a 
low-density region of plasma around 
a star. 


Atom 

A building block of ordinary matter. It 
consists of a central heavy nucleus of 
protons (positively charged, with a 
different number for each chemical 
element) and neutral neutrons, surrounded 
by orbiting electrons (negatively charged, 
and equal in number to the protons). 

See also electron, ion 


Aurora 

A display of glowing light in the sky that 
is most common in polar regions. It is 
caused by high-energy particles from 
the Sun being deflected by Earth's 
magnetic field and colliding with atoms 
in Earth’s atmosphere. 


Axis 
The imaginary line about which a 
body rotates. 


Background radiation 
See cosmic microwave background radiation 


Barred spiral galaxy 

A galaxy with spiral arms that originate 
from the ends of an elongated, bar-shaped 
central region. See also spiral galaxy 


Big Bang 

The event in which the Universe was 
born. According to Big Bang theory, the 
Universe originated around 13.8 billion 
years ago in an extremely hot dense state 
and has been expanding ever since. 


Binary star 

A pair of stars that orbit each other 
around a common center of mass. See 
also center of mass 


Black dwarf star 

A former white dwarf star, which has 
cooled so much that it emits no 
detectable light. The Universe is not 
yet old enough for black dwarfs to 
have formed. See also brown dwarf 
star, white dwarf star 


Black hole 

A region of space into which so much 
matter has collapsed that nothing, not 
even light, can escape its gravitational 
pull. The supermassive black holes found 
in the centers of galaxies can be up to 
billions of times the mass of the Sun. 


Blazar 

The most luminous and variable type 
of active galaxy in terms of its radiation. 
See also active galaxy 


Blueshift 

The opposite of redshift: the shifting of 
electromagnetic radiation to a higher 
frequency when it radiates from an 
object moving toward the observer. 
See also redshift 


Bok globule 

A type of compact dark nebula believed 
to be the precursor of a protostar. See 
also protostar 


Brown dwarf 

A body that forms out of a contracting 
cloud of gas, like a star, but because it 
contains too little mass never becomes 
hot enough to sustain nuclear fusion. 


Celestial equator 

An imaginary circle on the celestial 
sphere that is a projection of the 
Earth’s own equator onto it. See also 
celestial sphere 


Celestial poles 

The points in the sky directly above Earth's 
north and south poles. The celestial 
sphere appears to rotate around an axis 
joining the celestial poles. 


Celestial sphere 

An imaginary sphere that surrounds the 
Earth. As the Earth rotates from west 

to east, the sphere appears to rotate from 
east to west. In order to define the 
position of stars and other celestial 
bodies, it is convenient to think of 

them as being attached to the inside 
surface of this sphere. 


Center of mass 

The point around which two or more 
bodies revolve, as for example when 
two stars revolve around each other. 
If one of the bodies has more mass 
than the other, the center of mass lies 
toward the larger one. 


Cepheid variable 

A type of variable star whose luminosity 
alters in a regular rhythm. Cepheids 
vary in brightness as they physically 
expand and contract. The more 
luminous the Cepheid, the longer its 
period of variation. See also [uminosity, 
variable star 


Chromosphere 

The relatively thin layer of the Sun's 
atmosphere that lies between the 
photosphere and the corona. See also 
corona, photosphere 


Comet 

A small body composed mainly of 
dust-laden ice that orbits the Sun. When 
a comet enters the inner Solar System 
some of its material evaporates, often 
forming a long “tail” of gas and dust. 


Constellation 

(1) A named pattern of stars in the night 
sky, used for convenience as a way of 
describing the position of astronomical 
objects seen from Earth. (2) One of the 
88 regions into which the celestial sphere 
is divided for reference purposes, based 
on these traditional constellations. 


Corona 

The outermost part of the atmosphere 
of the Sun or another star, stretching 
thousands of miles into space. It has a 
very high temperature but a low density. 


Cosmic microwave background 
radiation (CMBR) 

The radiation left over from the Big Bang, 
appearing from all directions of the sky. 


Dark energy 

A little-understood phenomenon that 
appears to account for about 70 percent 
of the total “mass plus energy” in the 
Universe. It is thought necessary to 
explain why the expansion of the 
Universe is currently accelerating. 


Dark matter 

A mysterious kind of matter that seems 
to interact only via gravity and not by 
emitting or absorbing electromagnetic 
radiation, in contrast to ordinary matter 
made of atoms. Scientists think it exists 
in large quantities in the Universe 
because without it, galaxies should fly 
apart as they rotate. 


Declination 

The equivalent on the celestial sphere 
of latitude on Earth. The declination of 
a star is its angular distance north or 
south of the celestial equator. See also 
right ascension 


Diffuse nebula 

A nebula lacking sharp outer boundaries 
and without obvious internal features. 
See also nebula 


Double star 

Two stars that appear close together 
in the sky. If they actually orbit each 
other, the system is called a binary. An 
optical double consists of stars that 
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look close together only because they lie 
in the same line of sight from Earth. See 
also binary star 


Dwarf planet 

A rounded orbiting body similar to a 
planet but not massive enough to have 
cleared its orbital path of other objects. 
Pluto is an example. See also planet 


Eclipsing binary 

A binary star system in which each star 
passes alternately in front of the other, 
cutting off all or part of its light and 
causing a periodic variation in the 
system's overall brightness. 


Ecliptic 

(1) The track along which the Sun appears 
to travel around the celestial sphere, 
relative to the background stars, in the 
course of a year. (2) The plane of Earth's 
orbit around the Sun (which determines 
the position of the ecliptic in sense 1). 
See also celestial sphere, zodiac 


Electromagnetic radiation 

Radiation that transmits energy 
throughout the Universe as waves of 
fluctuating electric and magnetic fields 
which all travel at “the speed of light.’ 
See also electromagnetic spectrum 


Electromagnetic spectrum 

The whole range of electromagnetic 
radiation, from radio waves (which have 
the lowest frequencies and the longest 
wavelengths) through microwaves, 
infrared radiation, visible light, ultraviolet 
radiation, and X-rays, to gamma rays (with 
highest frequencies and energies, and 
shortest wavelengths). 


Electron 

A subatomic particle with a negative 
electric charge, found in all atoms. 
Electrons are much lighter than the 
protons and neutrons that make up 
atomic nuclei. See also atom 


Elliptical galaxy 

A galaxy that is elliptical or round in 
shape. Elliptical galaxies typically contain 
older stars and show little evidence of 
current star creation. 


ESA 

Short for European Space Agency, an 
organization supported by most European 
countries, with headquarters in Paris. 


Exoplanet 
See extrasolar planet 


Extrasolar planet (exoplanet) 
A planet orbiting a star other than 
the Sun. 


Extremophile 

Any life form that thrives under extreme 
conditions, such as high pressure, very 
high or low temperatures, or unusual 
chemical environments. 


Fusion (nuclear fusion) 

The process whereby atomic nuclei join 
to form heavier atomic nuclei at high 
temperatures. Stars are powered by fusion 
reactions that take place in their cores and 
release large amounts of energy. 


Galactic plane 

The plane of the flat disk of a galaxy, 
especially the Milky Way, where most 
of its stars are found. 


Galaxy 
A huge aggregation of star systems, gases, 


dust, and dark matter, held together by 
gravity and distinct from other surrounding 
galaxies. Galaxies can hold from millions 
up to trillions of stars. The Milky Way 
Galaxy is often referred to as “The Galaxy” 
with a capital letter. See also active galaxy, 
elliptical galaxy, irregular galaxy, lenticular 


galaxy, spiral galaxy 


Galaxy cluster 
An aggregation of 50 to 1,000 galaxies 
held together by gravity. 


Galaxy supercluster 

A cluster of galaxy clusters. A supercluster 
may contain 10,000 or more galaxies, 
spread through a volume of space with 

a diameter of up to about 200 million 
light-years. 


Gamma radiation 

Electromagnetic radiation of extremely 
short wavelengths and high frequencies 
and energy. See also electromagnetic 
radiation, electromagnetic spectrum 


Gas giant 

A large planet composed mainly of 
hydrogen and helium. Jupiter and Saturn 
are examples in our Solar System. See also 
rocky planet 


Globular cluster 

A near-spherical cluster of between 
10,000 and more than 1 million stars. 
Globular clusters consist of very old stars 
and are located mainly in the spherical 
halo regions around galaxies. 


Gravitationally bound 

Phrase applied to any astronomical 
system that is kept together by 
gravitational attraction between its 
parts. The Solar System and the Milky 
Way are examples. 


Gravity 

An attractive force between all objects 
that have mass or energy, experienced 
on Earth as weight. The force of 

gravity keeps planets in orbit around the 
Sun and stars in orbit around the Galaxy. 


Hertzsprung-Russell (HR) diagram 

A diagram where stars are plotted 
according to their luminosity and surface 
temperature/color. See also /uminosity, 
main-sequence star 


Hot Jupiter 

An extrasolar planet similar to Jupiter 
in size and composition, but orbiting 
much closer to its star and therefore 
hotter. See also extrasolar planet 


Hubble constant 

A mathematical constant that relates 

a galaxy’s distance to the speed that 

it is receding from our own galaxy. It 
represents an estimate of the expansion 
rate of the Universe. 


Hypergiant star 

A star of exceptionally high mass, larger 
than a supergiant. Hypergiants may be 

100 times or more the mass of the Sun, 
but are short-lived, burning themselves 
out quickly. 


Infrared radiation 

Electromagnetic radiation with 
wavelengths longer than visible light but 
shorter than microwaves, experienced 
as heat radiation in everyday life. 

See also electromagnetic radiation, 
electromagnetic spectrum 


Interferometry 

A technique involving measuring the 
overlap between electromagnetic 
waves from a distant source, used to 
achieve sharper images of an object. 
Information from arrays of telescopes 
or radio telescopes many miles 
apart can be combined, resulting in 
images approximating those from 

an imaginary huge telescope the size 
of the array. 


lon 

An atom that has lost or gained 

one or more electrons and therefore 

has an overall positive or negative charge. 
The process of this happening is called 
ionization. See also electron 


Irregular galaxy 
A galaxy that lacks a well defined structure 


or symmetry. 


K 
Kuiper Belt 
A region of the Solar System beyond 


Neptune containing bodies of icy and 
rocky composition. See also Oort cloud 


Lenticular galaxy 

A galaxy shaped like a convex lens. It has a 
central bulge that merges into a flattened 
disk, but has no spiral arms. 


Light-year 

A unit of measurement, defined as 

the distance that light travels through 

a vacuum in one year. 1 light-year is equal 
to 5,878 billion miles (9,460 billion km). 


Local Group 

A small cluster of over 50 galaxies that 
includes our own galaxy, the Milky Way. 
The group also contains two other large 
spiral galaxies, including the well-known 
Andromeda Galaxy, although most of its 
members are small elliptical or irregular 
galaxies. See also galaxy cluster 


Look-back distance 

The distance that light has traveled 

from a distant object to reach us today. 

It is farther than the original distance 

to the object (since the Universe has 
expanded while the light was traveling) 
but less than its present distance (since 
the object is now farther away than when 
it sent the light). 


Luminosity 

The total amount of energy emitted in 
one second by a source of radation, such 
as the Sun or a star. See also absolute 
magnitude. 


Magnetic field 

The region around a magnetized body 
within which magnetic forces affect the 
motion of electrically charged particles. 


Magnitude 

A measure of the brightness of a star 

or other astronomical object. See also 
absolute magnitude, apparent magnitude 


Main-sequence star 

Any star that falls within the main 
diagonal band on a Hertzsprung-Russell 
diagram, in which luminosity is plotted 
against temperature. Main-sequence stars 
are converting hydrogen in their cores 
into helium, and may stay in the same 
position on the sequence for billions of 
years, the exact position depending 
mainly on the star's original mass. The 
Sun is a main-sequence star. See also 
Hertzsprung-Russell diagram. 
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Messier catalog 

A catalog of nebulae (including some 
objects now known to be galaxies) 
compiled, and published in 1781, by 
French astronomer Charles Messier and 
his assistant Pierre Méchain. Objects in 
this catalog are assigned an individual 
number, preceded by “M". For example, 
the Andromeda galaxy is M31. See also 
New General Catalog 


Meteor 

The short-lived streak of light or “shooting 
star’ seen when a small Solar System body 
burns up on entering Earth’s atmosphere. 
If the body survives to reach the ground it 
is termed a meteorite. 


Meteorite 

A small solid Solar System body that 
has survived passing through the 
atmosphere of Earth or another planet 
and has reached the ground. 


Microwave radiation 

Electromagnetic radiation with 
wavelengths shorter than radio waves 
but longer than infrared and visible light. 
See also electromagnetic radiation, 
electromagnetic spectrum 


Milky Way 

(1) Originally, the luminous band 
across the night sky that represents the 
combined light of vast numbers of stars 
and nebulae in the disk of our home 
galaxy. (2) Now used as a name for 

the galaxy itself. 


Mira variable 

A class of giant variable stars whose 
brightness varies over a period of 
around 100 to 500 days. See also 
variable star 


Moon 

A natural satellite orbiting a planet. 
Spelled with a capital, “the Moon’ refers 
to the Earth's moon. 


Multiple star 

A system consisting of three or more 
stars bound together by gravity and 
orbiting around one another. See also 
binary star 


N J 
NASA 
Short for National Aeronautics and 


Space Administration, the main space 
agency of the United States. 


Nebula 

A cloud of gas and dust in interstellar 
space. Some nebulae are sites of star 
formation, while others are produced 
at the end of a star's life. See also 
planetary nebula 


Neutrino 

A particle of exceedingly low mass and 
zero electrical charge that travels close 
to the speed of light and rarely interacts 
with other matter. 


Neutron star 

An extremely dense compact star made 
of tightly packed neutrons (neutral 
subatomic particles). Neutron stars are 
formed by supernova explosions not 
massive enough to create a black hole. 
See also pulsar 


New General Catalog (NGC) 

A catalog of star clusters and nebulae 
(including objects now known to be 
galaxies) compiled by J.L.E. Dreyer in 
1888. Objects are assigned an individual 
number, preceded by "NGC". With 
amendments, this system is still in use 
today. See also Messier catalog 


Nova 

A star that suddenly brightens, then 
fades back to its original brightness 
over a period of weeks or months. The 
brightening happens when a fusion 
reaction is triggered on the surface of 
a white dwarf star by gas flowing from 
another star. See also fusion, supernova 


Nuclear fusion 
See fusion 


Observable Universe 

That part of the Universe from which 
light has had time, since the Big Bang, 
to reach Earth. 


Oort cloud 

A spherically distributed collection of 
trillions of icy bodies such as cometary 
nuclei that is believed to surround the 
Solar System and extend more than 

1 light-year distant from the Sun. 


Open cluster 

A relatively spread-out cluster of stars 
that all formed at the same time. See also 
globular cluster 


Optical double 
See double star 


Orbit 

The path of an astronomical body when 
it is revolving around another under the 
influence of gravity. 


Dp 

Particle 

In astronomical contexts this usually 
means a subatomic particle, such as 


a proton or neutron, or more exotic 
particles of similarly tiny size. 


Photosphere 

The layer of the Sun or other star from 
which most of the light is emitted and 
that forms its visible surface. See also 
chromosphere, corona 


Planet 

A large body orbiting a star. A planet 
is sufficiently massive for its gravity to 
have formed it into a round shape 
and also for it to have cleared its 
orbital path of other objects. See 
also dwarf planet 


Planetary nebula 

A glowing shell of gas ejected by a star 
of similar mass to the Sun when coming 
to the end of its life. The term was first 
used by William Herschel for circular 
nebulae that looked similar to a planet. 


Plasma 

A mixture of electrons and positive ions 
that behaves like a gas, but conducts 
electricity and is affected by magnetic 
fields. The Sun and other stars are made 
of hot plasma. See also ion 


Precession 

A slow cyclic change in the direction of 
Earth's axis (i.e. the direction in which 
the north and south poles “point’), 
which takes 25,800 years to complete. 
A similar kind of movement is seen in a 
spinning top. The term is also applied to 
other astronomical cycles, such as the 
slow change in position of the farthest 
point of a planet's orbit. 


Prominence 

A huge eruption of glowing plasma into 
the Sun's corona, often in a looping shape. 
See also corona, plasma 


Protoplanet 

A precursor of a planet, which develops 
through the gradual aggregation of 
smaller bodies in the protoplanetary 
disk that forms around many new stars. 
Planets are thought to form by collision 
of protoplanets. 


Protostar 
A star in the early stages of formation, 
before hydrogen fusion has begun. 


Pulsar 

A rapidly rotating neutron star that 

is sending out powerful jets of radiation 
from its magnetic poles. Pulses are 
detected if the jets happen to sweep by 
in Earth's directions as the neutron star 
spins. See also neutron star. 


Pulsating variable 
See variable star. 


Quasar 

A compact but extremely powerful source 
of radiation, now believed to be a type 

of highly luminous active galaxy. Most 
quasars are at extreme distances from our 
own galaxy and we are observing them 

as they were early in the history of the 
Universe. See also active galaxy 


Radio telescope 

An instrument that is designed to detect 
radio waves from astronomical sources. 
The most familiar type is a concave dish 
that collects radio waves and focuses 
them onto a detector. 


Red dwarf star 

A cool, red, low-luminosity star. Red 
dwarfs are common in the Universe 
and are very long-lived. 


Red giant star 

A greatly expanded reddish star with a low 
surface temperature that forms at the end 
of the life of Sun-like stars. It is “giant” in 

its size and luminosity, rather than in 
mass. See also supergiant 


Redshift 

The shifting to a lower frequency of 
electromagnetic radiation when it comes 
from an object moving away from an 
observer. It can be compared to the siren 
on an emergency vehicle that sounds 

a lower note when speeding away. 


Reflector 

A telescope in which the light is collected 
and focused by a curved mirror. See 

also refractor. 


Refractor 
A telescope in which the light is collected 
and focused by a lens. See also reflector. 


Relativity 

Two theories developed in the early 20th 
century by Albert Einstein. The special 
theory of relativity describes how the 
relative motion of observers affects their 
measurements of mass, length, and time. 
One consequence is that mass and energy 
are equivalent. The general theory of 
relativity treats gravity as a distortion 

of spacetime. See also spacetime 


Right ascension 

The equivalent on the celestial sphere of 
longitude on Earth. The right ascension of 
a Star is its angular distance east of a point 
in the sky called the first point of Aries. It 
is expressed in hours, minutes, and 
seconds, 1 hour being the equivalent 

of 15 degrees. See also declination 
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Rocky planet 

A planet composed mainly of rock.The 
four rocky planets in the Solar System 
are Mercury, Venus, Earth, and Mars. 
See also gas giant 


Satellite 

A natural satellite is an astronomical body 
that orbits a planet, otherwise known as 
a moon. An artificial satellite is an object 
deliberately put in orbit around Earth or 
another planet. 


Seyfert galaxy 

A spiral galaxy with an exceptionally 
bright central region. Seyfert galaxies are 
believed to be similar to quasars, although 
less powerful and found closer to our 
own galaxy. See also active galaxy 


Singularity 

A point of infinite density into which 
matter has been compressed by gravity, 
and a point at which the known laws of 
physics break down. Theory implies that 
a singularity exists at the center of a black 
hole. See also black hole 


Solar flare 

A violent release of huge amounts of 
energy from a localized region on the 
surface of the Sun. 


Solar System 

The Sun together with the eight planets, 
smaller bodies (dwarf planets, moons, 
asteroids, comets, trans-Neptunian 
objects), dust, and gas that orbit the Sun. 


Solar wind 

A constant stream of fast-moving particles 
that escapes from the Sun and flows 
outward through the Solar System. 


Spacetime 

The combination of the three dimensions 
of space (length, breadth, height) and the 
single time dimension. See also relativity 


Spiral galaxy 

A galaxy that consists of a central 
concentration of stars surrounded by 

a flattened disk of stars, gas, and dust, 
within which the major visible features are 
clumped together into spiral arms. See 
also barred spiral galaxy 


Star 

A huge sphere of glowing plasma 

that generates energy by means of 
nuclear reactions at its center. See also 
fusion, plasma 


Star cluster 
A group of stars bound together by gravity. 
See also globular cluster, open cluster 


Subgiant star 

A star that is significantly more luminous 
than a main-sequence star of the same 
surface temperature and color. 


Sunspot 

A region of intense magnetic activity in 
the Sun's photosphere. Sunspots appear 
dark in images because their temperature 
is lower than the rest of the photosphere. 
See also photosphere 


Super-Earth 

An extra-solar planet whose mass is 
greater than Earth's but less than planets 
such as Uranus and Neptune. See also 
extra-solar planet. 


Supergiant star 
An exceptionally luminous star with a very 
large diameter. 


Supernova 

A violent explosion of a massive star, 
during which it expels most of its matter, 
and its brightness increases hugely for a 
short time. A different kind of supernova 
happens when a white dwarf explodes 
after attracting material from a 
neighboring star. 


7 
Trans-Neptunian object 
A Solar System body orbiting the Sun 


beyond the orbit of Neptune. 


Ultraviolet radiation 
Electromagnetic radiation with 
wavelengths shorter than visible light 
but longer than X-rays. See also 
electromagnetic radiation 


Universe 

The totality of matter, energy, and space 
that came into being as a result of the 
Big Bang. 


Variable star 

A star that varies in brightness. A pulsating 
variable star physically expands and 
contracts in a regular rhythm, varying in 
brightness as it does so. An eruptive 
variable star brightens and fades abruptly. 
See also Cepheid variable, Mira variable, 
eclipsing binary 


Wavelength 
The distance between two successive 
crests In a wave motion. 


White dwarf star 

A small, but very hot and dense, glowing 
body that remains after a star of similar 
mass to our Sun dies and sheds its outer 
layers into space. 


Wolf-Rayet star 
A massive, very hot star from which gas is 
escaping at an exceptionally rapid rate. 


X-ray 

Electromagnetic radiation with 
wavelengths shorter than ultraviolet 
radiation but longer than gamma rays. 
See also electromagnetic radiation 


Zenith 
The point in the sky directly above 
an observer. 


Zodiac 

An imaginary band around the celestial 
sphere, through which the Sun, Moon, 
and planets appear to travel. It represents 
the plane of the Solar System as seen 
from Earth. See also ecliptic 
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absolute magnitude scale 22, 238 
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superheated 60 

Achernar (Alpha Eridani) 160, 161, 217 
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122 
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Acubens (Alpha Cancri) 168, 169 

ADaptive Optics Near Infrared System 
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Adhafera (Zeta Leonis) 134, 135 
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AE Aurigae 133 

aerial telescopes 78 
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al-Sufi 89 
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Alcor 110 
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Algedi (Alpha' Capricorni) 40, 186 
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Alpha Lacertae 129 
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Saturn 226 
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black holes 38 

Earth 90,229, 233 

neutron stars 36, 37 

star formation 30 


B 


B Lac objects 129 

Babylonians 88, 156 

Baily, Francis 132 
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Castor (Alpha Geminorum) 166, 167 
cataclysmic variables 42 
catalogues, star 88, 89 
Cat's Eye Nebula (NGC 6543) 104, 105 
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Gamma Hydri 217 
Gamma Librae 139 
Gamma Lupi 180 
Gamma Lyrae 120 
Gamma Mensae 219 
Gamma Microscopii 189 
Gamma Monocerotis 171 
Gamma Normae (1 and 2) 181 
Gamma Octantis 219 
Gamma Persei 130 
Gamma Phoenicis 209 
Gamma Pictoris 212 
Gamma Piscium 155 
Gamma Pyxidis 198 
gamma rays 36, 60, 80 
Gamma Sagittae 149 
Gamma Serpentis 143 
Gamma Trianguli 128 
Gamma Velorum 200, 201 
Gamma Volantis 213 
Gamow, George 16 
Ganymede (mythological hero) 146, 152 
Garnet Star (Mu Cephei) 22, 102 
gas 
clouds of star forming 64 
colliding gas clouds 63 
ejected by dying stars 32, 33 
in galactic disk 58 
in galaxy clusters 67 
molecular clouds 28, 29, 30 
gas giants 46, 223, 225, 230-1 
Gemini 92, 166-7 
Geminid meteor shower 166 
Gendler, Robert 112 
General Theory of Relativity 16, 17, 73 
geocentrism 16 
Ghost Head Nebula (NGC 2080) 211 
Ghost of Jupiter (NGC 3242) 172, 173 
giant elliptical galaxies 46, 47, 68 
Giant Magellan Telescope (Chile) 76 
giant stars 24 
Gienah (Epsilon Cygni) 125 
Gienah Corvi 174 
GK Persei 42, 130 
Gliese 667c 48 
Gliese 676 49 
Gliese 876 48 
Gliese 1061 23 
globular clusters 18, 44-5 
evolution of 65 
Milky Way 54, 58, 59 
gold 35 
Golden Fleece 157, 166, 196 
Goldilocks zone see habitable zone 
Gomeisa (Beta Canis Minoris) 169 
Goodricke, John 102 
Graffias (Beta Scorpii) 140, 141 


Gran Telescopio Canarias 76 
Grasshopper (UGC 4881) 108 
gravitational fields 73 
gravitational lensing 66, 74 
gravitational microlensing 46 
gravitational pull 

black holes 38 

inner planets 228 
gravitational waves 17 
gravity 14, 16 

black holes 38 

dark matter and dark energy 75 

and distortion of spacetime 73 

Earth 232 

galaxies 50, 63 

galaxy clusters 66 

Moon 233 

multiple stars 40 

neutron stars 36, 37 

star clusters 18, 44 

and star formation 30, 64 

stars 27 

Sun 223 
Great Attractor 12, 241] 
Great Red Spot (Jupiter) 230 
Greeks, ancient 16, 17 

charting the heavens 87, 88-9 

mythology 87, 88, 94 

see also constellations by name 
greenhouse effect 228 
Groombridge 34 Aand B 23 
Grus 188-9 
Gum 29 11 
Guth, Alan 17 


ri 
habitable zone 47, 48, 49, 82 
Hadar (Beta Centauri) 177, 178 
magnitude and luminosity 22 
Hale Reflector (California) 76 
Halley, Edmond 88 
Halley’s comet 152 
halo, Milky Way 54, 58, 59 
Hamal (Alpha Arietis) 157 
Hanny’s Voorwerp 132 
Hayn Impact Crater (Moon) 232 
HCG see Hickson Compact Group 
HD 10180 49 
HD 40307 49 
HD 98800 system 41 
HD 215497 49 
HE 1450-2958 191 
Heart Nebula 106 
heavens, charting the 88-9 
heliocentrism 17 
Helios (Greek Sun-god) 160 
heliosphere 226 
helium 14, 28, 29, 32, 33, 197, 231 
nuclei 26 
Ring Nebula 122 
Helix Nebula (NGC 7293) 152, 153 
Herchel Space Telescope 164, 165 
Hercules 88, 118-19 


Hercules (mythical hero) 104, 118, 134, 168, 


172 
Hercules A galaxy 118 
Hercules Cluster 119 
Herschel, Caroline 190 


Herschel, William 79, 103, 175, 190 


Herschel far-infrared telescope 81 
Hertzsprung, Ejnar 21 
Hertzsprung-Russell diagram 21 


Hevelius, Johannes 88, 108, 112, 129, 132, 


148, 149, 174 

Hickson Compact Group 87 (HCG 87) 
186 

Hickson Compact Group 90 (HCG 90) 
187 

high-mass stars 
and formation of supernovas 34 
inside 26 
life of 28-9 

high-velocity stars, Milky Way 54 

Hind, John Russell 193 

Hind’s Crimson Star 193 

Hind’s Variable Nebula (NGC 1555) 157 

Hipparchus 89, 238 

Hipparcos satellite 89 

Hiranyagarbha 16 

Hoag’s Object 142, 143 

Hooker Telescope 79 

Horologium 218 

hot Jupiters 46-7 

hot Neptunes 46 


Houtman, Frederick de 88, 188, 206, 208, 209, 


210, 213, 214, 215, 216, 217 
Hoyle, Fred 16 
Hubble, Edwin 16, 241 

and classification of galaxies 50, 51 
Hubble Space Telescope 76, 78, 81 


images from 10, 15, 22, 41, 42, 46, 47, 110, 
112, 115, 120, 122, 125, 132, 134, 141, 142, 
144, 149, 152, 160, 171, 176, 191, 197, 199, 


200, 204-5 
Hubble's Law 71 
the Hyades 156, 157 
Hydra 95, 172-3, 175, 217 
Hydra (mythical monster) 168, 172 
hydrogen 14, 28, 29, 32, 42, 162, 197, 231 
nuclei 26 
Ring Nebula 123 
Hydrus 188, 217 
hypergiants 24, 25 


| 
IAU see International Astronomical Union 
I.335: 182 
IC 405 see Flaming Star Nebula 
IC 418 see Spirograph Nebula 
IC 1396 102, 103 
IC 1805 106 
IC 2006 46 
lo2163: 195 
IC 2391 200, 201 
IC 2497 132 
IC 2560 199 
IC 2602 see Southern Pleiades 
IC-3566 109 
IC 4406 see Retina Nebula 
IC 4499 214 
IC 4539 119 
IC 4665 144, 145 
IC 4756 142, 143 
IC 5148 see Spare Tire Nebula 
ice 224 
IDCS J1426 67 
Indus 188, 208 
infrared radiation 30, 39, 78 
infrared telescopes 80 
infrared waves 81 
inner planets 228-9 
interacting binaries 41 
interacting galaxies 

Arp 273 65 


& 


James Webb Space Telescope 76, 79, 80, 81 


ESO 77-14 208 

ESO 96-6 207 

NGC 2207 and IC 2163 195 

Robert's Quartet 209 
interferometry 76, 78 
intergalactic space 54, 64 
intermediate galaxies 188 


International Astronomical Union (IAU) 87, 88, 


89,94 

interstellar medium 29, 30 

intrinsically variable stars 42 

ions 226 

lota Antliae 199 

lota Cancri 168 

lota Carinae 200 

lota Ceti 158 

lota Piscium 154 

lota Scorpii 141 

iron 28, 34, 35 

irregular galaxies 19, 44, 47, 50, 51, 64, 21 
in galaxy clusters 66 

Izar (Epsilon Bodtis) 116, 117 


J 

Jansky, Karl 79 

Jason and the Argonauts 157, 196, 200 
Jewel Box Cluster (NGC 4755) 178 
John Ill Sobiesci, King of Poland 147 


Jupiter 223, 224, 225, 230 
Jupiter-sized (Jovian) planets 48-9 


Kant, Immanuel 17 

Kappa Cygni 125 

Kappa Draconis 105 

Kappa Lupi 180 

Kappa Lyrae 121 

Kappa Pavonis 216 

Kappa Persei 131 

Kappa Serpentis 143 

Kappa Tauri 156 

Kappa Ursae Majoris 110 

Kappa Velorum 200, 201, 202 
Kapteyns star 212 

Kaus Australis (Epsilon Sagittarii) 184, 185 
Kaus Borealis (Lambda Sagittarii) 184, 185 
Kaus Media (Delta Sagittarii) 184, 185 
Keck Telescope (Hawaii) 76 

Kemble'’s Cascade 109 

Kepler, Johannes 17 

Kepler Space Telescope 47, 48, 81 
Kepler-37 system 48 

Kepler-47 system 49 

Kepler-62 system 47, 48 

Kepler-69 system 48 

Kepler-90 system 48-9 

Kepler-186 system 48 


5 


Keyser, Pieter Dirkszoon 88, 188, 206, 208, 


209, 210,213,214,.215,216,217 
the Keystone (Hercules) 118 
Kitalpha (Alpha Equulei) 151 
Kitt Peak National Observatory (USA) 123 
Kochab (Beta Ursae Minoris) 102 
Kornephoros (Beta Herculis) 118, 119 


L Puppis 197 


La Superba (Y Canum Venaticorum) 112, 113 


Lacaille 9352 23 
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Lacaille, Nicolas Louis de 88, 181, 189, 190, 
191, 192, 196, 198, 199, 200, 202, 206, 207, 


212, 218, 219 
Lacerta 129 
Laelaos (mythical dog) 194 
Lagoon Nebula (M8) 184, 185 
Lagrangian points 1 and 2 80 
Lalande 21185 23 
Lambda Arietis 157 
Lambda Draconis 105 
Lambda Eridani 160 
Lambda Geminorum 167 
Lambda Horologii 218 
Lambda Leonis 135 
Lambda Tauri 156 
Lambda Velorum 200, 201 
Laniakea 12 
Large Hadron Collider 14 


Large Magellanic Cloud 34, 51, 63, 210, 211, 


217,219 
latitude 90 
lava plains (Moon) 232 
lead 35 
Leda, Queen of Sparta 125, 166 
legends 87, 88, 94 
see also constellations by name 
Lemaitre, Georges 16 
lens technology 76, 78 
lensing 66 
lenticular gallaxies 46, 47, 50, 64, 66 
Leo 51, 134-5 
Leo Minor 88, 132 
Leonid meteor storm (1833) 134 
Lepus 193 
Leros, island of 193 
Lesath (Upsilon Scorpii) 141 
Leviathan of Parsonstown 79 
Libra 136, 139 
first point of 93 
life 11 
on Earth 229 
on Enceladus 231 
on Europa 230 
habitable zone 47, 48, 49 
on Mars 229 
requirements for 82 
search for 82-3 
signature of 83 
light 
bending 37, 38 
and measuring distance 12, 13, 23 
rays 36, 38, 39, 60 
speed of 12, 13, 23, 71, 72 
studying optical 76 
visible 80 
light curves 
eclipsing binaries 43 
pulsating variables 42 
“light echo" 61 
light-years 23 
Lippershey, Hans 78 
Little Dipper 102 
Little Dumbell 130 
Little Gem Nebula (NGC 6818) 184, 185 
Little Ghost Nebula (NGC 6369) 144 
lives, stars’ 28-9 
LMC see Large Magellanic Cloud 
local Bubble 59 
Local Group 12, 13, 66, 67, 190, 241 
collision 62-3 
longest day 
Northern Hemisphere 101 
Southern Hemisphere 99 


longitude 90 
low-mass stars 

inside 27 

life of 28-9 
luminosity 

scale 97 

visual 21, 22 
luminous matter 75 
Lupus 180 
Luyten 726-8 Aand B 23 
Luyten’s Star 23 
Lynx 108 
Lynx Arc 108 
Lyra 120-1 


M1 see Crab Nebula 

M2 153 

M3 112 

M4 141 

M5 143 

M6 see Butterfly Cluster 
M7 44, 140, 141 

M8 see Lagoon Nebula 
M10 144, 145 

M11 see Wild Duck Cluster 
M12 144,145 

M13 118,119 

M15 150, 151 

M16 30, 31, 142, 143 
M17 see Omega Nebula 
M20 see Trifid Nebula 
M22 184,185 

M26 147 

M27 see Dumbell Nebula 
M30 186 

M31 see Andromeda Galaxy 
M32 50 

M33 see Triangulum Galaxy 
M34 130, 131 

M35 166, 167 

M36 132, 133 

M37 132, 133 

M38 132, 133 

M39 124 

M41 194,195 

M42 see Orion Nebula 
M44 see Beehive Cluster 
M45 see the Pleiades 
M46 196 

M47 196, 197 

M49 137 

M50 170, 171 

M51 see Whirlpool galaxy 
M52 106, 107 

M53 138 

M56 120, 121 

M57 see Ring Nebula 
M58 137 

M59 137 

Mé0 50, 137 

M61 137 

M63 112,113 

Mé64 see Black Eye Galaxy 
M65 134, 135 

M66 134, 135 

M67 169 

M68 172 

M71 149 

M72 153 

M73 153 

M74 51, 154, 155 


M76 130 
M77 (NGC 1068) 158, 159 
M78 163 
M79 193 
M80 141 
M81 110,111 
M82 see Cigar Galaxy 
M83 see Southern Pinwheel 
M84 137 
M85 138 
M86 137 
M87 68, 136, 137 
M88 138 
M89 50 
M90 137 
M91 51, 138 
M92 119 
M93 196, 197 
M94 112 
M95 _ 51, 134, 135 
M96 134, 135 
M97 see Owl Nebula 
M99 138 
M100 138 
M101 see Pinwheel Galaxy 
M103 106, 107 
M104 see Sombrero Galaxy 
M106 112 
M110 50 
MACS J0416.1-2403 241 
Magellan, Ferdinand 210 
magnetic fields 
Earth 226 
Jupiter 230 
Mercury 228 
Milky Way 58 
neutron stars 36 
outer planets 230 
Sun 223,226,227 
magnetosphere 226, 227 
magnitudes 
apparent and absolute 22 
origin of system of 89 
main-sequence stars 21, 25 
formation of 30 
lives of 28-9 
mapping 
dark matter 74 
from redshift 71 
the sky 94-5 
sky charts 96-101 
space telescopes 80 
maria (Moon) 232, 233 
Markab (Alpha Pegasi) 150 
Mars 19, 223, 224, 225, 228, 229 
methane on 83 
mass 
loss of 26 
multiple stars 40 
stars 27 
Sun 224 
mass warp spacetime 16 
massive main sequence stars 28 
Matar (Eta Pegasi) 150 
matter 14 
Big Bang and 66, 72 
distribution of 66 
in galaxies 50 
the “Meathook” see NGC 2442 
Mebsuta (Epsilon Geminorum) 166, 167 
medium-mass stars, lives of 28-9 


Medusa the Gorgon (mythological monster) 


130 


Megrez (Delta Ursae Majoris) 22, 110, 

111 
Melotte 111 (Coma Star Cluster) 138 
Menkalinan (Beta Aurigae) 133 
Menkar (Alpha Ceti) 158, 159 
Mensa 219 
Merak (Beta Ursae Majoris) 110, 111 
Mercury 223, 224, 225, 228 
meridian, celestial 91 
Mesartim (Gamma Arietis) 157 
Messier, Charles 130, 184, 242 
Messier objects 242-3 
Messier star clusters 133 
metabolism 83 
metallicity 29, 54 
meteorites, and transfer of life 82 
meteors 225 

meteor showers 130, 134, 152, 166 
methane 224, 231 

on Mars 83 
Miaplacidus (Beta Carinae) 202, 203 
microorganisms 83 
Microscopium 189 
microwaves 72 
“Mikomeda” 63 
Milky Way 11, 12, 54-9 

as active galaxy 61 

and Andromeda Galaxy 63, 127 

Aquila 146 

Ara 182 

as barred spiral galaxy 54, 56, 66 

Canis Major 194 

in the celestial sphere 95 

central bulge 54, 58, 59 

cross section 54 

Crux 178 

dark matter 58 

data 24] 

from above 58-9 

galaxies beyond 17, 50 

Lacerta 129 

Large Magellanic Cloud 211 

and Local Group 13, 63, 66 

Lupus 180 

magnetic field 58 

mass 58 

Monoceros 170 

multiple star systems 40 

Norma 181 

number of stars in 20, 25, 58, 223 

Pavo 216 

planets in 58 

planets orbiting stars in 46 

pulsars 37 

Puppis 196 

Pyxis 198 

rotation curves 58 

Sagittarius 184 

Scorpius 141 

Scutum 147 

search for life in 82 

Small Magellanic Cloud 215 

spiral arms 54, 58-9 

star clusters 44 

starbirth 30 

Triangulum Australe 207 

Vela 200 

Vulpecula 148 
Mimas 19 
Mimosa (Beta Crucis) 178, 179 
Minkowski 2-9 see Twin Jet Nebula 
minor bodies 225 
Mintaka (Delta Orionis) 162, 163 
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Mira (Omicron Ceti) 158, 159 
Mira system 41 
Mira variables 193 
Mirach (Beta Andromedae) 127 
Mirphak (Alpha Persei) 130, 131 
mirror segments 78 
mirrored reflectors 76, 78, 79, 80 
Mirzam (Beta Canis Majoris) 195 
Mizar (Zeta Ursae Majoris) 110, 111 
Modified Big Chill 75 
molecular clouds 30 
Monoceros 170-1 
monster clusters 68 
MOO J1142+1527 68 
the Moon 12, 232-3 
moons 19, 223, 225 
Earth 225 
Jupiter 225, 230 
Mars 225 
Neptune 225, 231 
outer (gas) planets 225, 230-1 
possible life on 82 
Saturn 225, 230-1 
Uranus 225 
Mount Wilson Observatory 79 
mountaintop telescopes 77, 78 
Mu Centauri 177 
Mu Cephei see Garnet Star 
Mu Columbae 195 
Mu Cygni 125 
Mu Herculis 118 
Mu Lupi 180 
Mu Normae 181 
Mu Sagittarii 184 
Mu Ursae Majoris 110 
Mu Velorum 201 
Multi Mirror Telescope (Arizona) 76 
multiplanetary systems 47, 48-9 
multiple star systems 30, 40-1, 162, 168, 193 
multiverse 73 
Murphrid (Eta Bootis) 117 
Musca 188, 206 
mythology 87, 88, 94 
see also constellations by name 


N44 Nebula 211 
N81 215 
N90 217 
Naos (Zeta Puppis) 20, 196 
navigation 87, 88 
nebulae 18-19 

star-forming 11, 30, 31, 59 
Necklace Nebula 149 
Needle Galaxy (NGC 4565) 138 
Nekkar (Beta Bootis) 116, 117 
Neptune 12, 223, 225, 231 
Neptune-sized (Neptunian) planets 48-9 
neutrinos 35 
neutron stars 24, 25, 28, 29, 35, 36-7 
neutrons 14, 16, 35, 36 
Newton, Isaac 76, 79 
NGC 55 190 
NGC 104 215 
NGC 121 215 
NGC 201 159 
NGC 246 159 
NGC 247 159 
NGC.253° 190 
NGC 288 190 
NGC 300 190 
NGC 346 215 


NGC 362 215 

NGC 406 215 

NGC 457 106, 107 

NGC 520 155 

NGC 602 217 

NGC 604 128 

NGC 663 107 

NGC 695 157 

NGC 752 127 

NGC 784 128 

NGC 799 159 

NGC 800 159 

NGC 869 130 

NGC 884 130 

NGC 891 126, 127 

NGC 908 19 

NGC 925 128 

NGC 1068 159 

NGC 1097 192 

NGC 1097A 192 

NGC 1261 218 

NGC 1291 160, 161 

NGC 1300 46, 47, 160, 161 
NGC 1309 160, 161 

NGC 1313 213 

NGC 1316 (Fornax A) 192 
NGC 1350 192 

NGC 1365 192 

NGC 1376 161 

NGC 1398 192 

NGC 1427A 51 

NGC 1499 130 

NGC 1502 109 

NGC 1512 218 

NGC 1514 157 

NGC 1528 131 

NGC 1535 161 

NGC 1555 see Hind’s Variable Nebula 
NGC 1664 133 

NGC 1672 210 

NGC 1705 212 

NGC 1792 195 

NGC 1808 195 

NGC 1850 211 

NGC 1851 195 

NGC 1904 193 

NGC 1929 211 

NGC 2017 193 

NGC 2070 see Tarantula Nebula 
NGC 2080 see Ghost Head Nebula 
NGC 2082 211 

NGC 2207 195 

NGC 2217 195 

NGC 2232 170 

NGC 2237 see Rosette Nebula 
NGC 2244 170, 171 

NGC 2264 170, 171 

NGC 2281 133 

NGC 2359 see Thor's Helmet 
NGC 2360 194 

NGC 2362 194,195 

NGC 2392 see Eskimo Nebula 
NGC 2403 109 

NGC 2419 108 

NGC 2440 196, 197 

NGC 2451 196, 197 

NGC 2452 196 

NGC 2477 196, 197 

NGC 2516 203 

NGC 2547 201 

NGC 2613 198 

NGC 2736 see Pencil Nebula 
NGC 2787 46, 47 


NGC 2818 
NGC 2903 
NGC 2997 
NGC 3109 
NGC 3114 


NGC 3115 see Spindle Galaxy 
NGC 3132 see Eight-Burst Nebula 


NGC 3195 
NGC 3228 


NGC 3242 see Ghost of Jupiter 
NGC 3372 see Carina Nebula 


NGC 3511 
NGC 3532 
NGC 3603 
NGC 3628 
NGC 3766 
NGC 3808 


198 
138 
199 
24] 
202, 203 


214 
200 


{72 
203 
202 
135 
177 
134,135 


NGC 3808A 134 


NGC 3887 
NGC 3918 
NGC 3981 
NGC 3982 


NGC 4038 see Antennae Galaxies 
NGC 4039 see Antennae Galaxies 


NGC 4214 
NGC 4244 
NGC 4254 
NGC 4258 
NGC 4321 
NGC 4382 
NGC 4449 
NGC 4501 
NGC 4548 


NGC 4565 see Needle Galaxy 


NGC 4631 
NGC 4647 


NGC 4755 see Jewel Box Cluster 


NGC 4826 
NGC 4833 
NGC 4951 
NGC 5024 
NGC 5128 
NGC 5139 
NGC 5189 
NGC 5195 
NGC 5248 
NGC 5460 
NGC 5466 
NGC 5548 
NGC 5676 
NGC 5752 
NGC 5754 
NGC 5882 
NGC 5897 
NGC 5986 
NGC 6025 
NGC 6067 
NGC 6087 
NGC 6101 
NGC 6167 
NGC 6188 
NGC 6193 
NGC 6210 
NGC 6231 


NGC 6302 see Bug Nebula 


NGC 6326 
NGC 6352 
NGC 6362 


NGC 6369 see Little Ghost Nebula 


NGC 6397 
NGC 6503 
NGC 6530 


NGC 6537 see Red Spider Nebula 


173 
177 
17/5 
110, Tl 


AT 
112 
138 
38-9 
138 
138 
112 
138 
138 


112 
50 


138 
206 

51 

138 
176, 177 
176,177 
53,206 
112, 114 
117 
176 
iy 
116, 117 
117 
117 
117 
180 
139 
180 
207 

181 

181 

214 

181 

182 
182 
119 
140 


182 
182 
182 


182 
105 
185 


NGC 6541 183 
NGC 6543 see Cat's Eye Nebula 
NGC 6565 185 
NGC 6621 105 
NGC 6622 105 
NGC 6633 144 
NGC 6709 146, 147 
NGC 6729 183 
NGC 6744 216 
NGC 6745 120, 121 
NGC 6751 32, 146, 147 
NGC 6752 216 
NGC 6782 216 
NGC 6786 105 
NGC 6818 see Little Gem Nebula 
NGC 6861 207 
NGC 6934 149 
NGC 7009 see Saturn Nebula 
NGC 7023 103 
NGC 7049 208 
NGC 7090 208 
NGC 7217 51 
NGC 7243 129 
NGC 7252 see Atoms for Peace Galaxy 
NGC 7293 see Helix Nebula 
NGC 7331 150, 151 
NGC 7354 103 
NGC 7424 188, 189 
NGC 7479 51 
NGC 7635 107 
NGC 7662 126, 127 
NGC 7714 155 
NGC 7793 190 
night sky 
December to February 101 
June and December 92 
June to August 99 
mapping 94-101 
March to May 100 
September to November 98 
Nihal (Beta Leporis) 193 
nitrogen 197 
Ring Nebula 123 
nonrotating black holes 38 
Norma 181 
Norma Arm 59 
Norma Cluster 241 
North America Nebula 125 
North celestial pole 90, 91, 102 
chart centered on 96 
north polar sky 96 
Northern Cross see Cygnus 
Northern Crown see Corona Borealis 
Northern Hemisphere 
apparent star movement 91 
longest day 101 
shortest day 99 
solstices 92, 93 
northern lights 226 
Nova Persei 130 
novae 34,41, 42,217 
Nu Andromedae 126 
Nu Coronae Borealis 117 
Nu Draconis 104 
Nu Octantis 219 
Nu Virginis 136 
nuclear explosions 42 
nuclear fusion 18, 25, 26, 30, 32, 33, 34, 226 
nuclei 
active galaxies 60, 61, 129, 199 
atomic 14, 16, 26 
Nunki (Sigma Sagittarii) 184, 185 
Nusakan (Beta Coronae Borealis) 117 
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observable Universe 13, 72-3 
observatories 
ground-based 76-7 
orbiting 78 
solar 80 
space-based 76, 80 
Octans 219 
OGLE-2012-BLG-0026L 48 
Olbers’ paradox 16, 17 
Olympus Mons (Mars) 229 
Omega Aquaril 152 
Omega Centauri 44, 59, 177 
Omega Centauri (NGC 5139) 176, 177 
Omega Draconis 105 
Omega Nebula (M17) 185 
Omicron Andromedae 127 
Omicron Centauri 177 
Omicron Eridani 160 
Omicron Serpentis 143 
Oort Cloud 224, 225 
open clusters 18, 44 
Ophiuchus 92, 142, 144-5 
optical doubles 40, 199 
optical telescopes, space-based 81 
orange giants 25, 132 
orange stars 20 
orbits 
chaotic 64, 65 
density waves 54,55 
elliptical 224 
the Moon 233 
multiple stars 40 
perfectly ordered 55 
Solar System planets 90, 223, 224 
space telescopes 80 
Orion 94, 160, 162-3, 194 
Orion (mythical hero) 141, 162 
Orion Nebula (M42) 30, 133, 162, 163, 
164-5, 202 
Orion Spur 59 
Orion's Belt 162, 163 
Orion's Sword 164 
Orpheus 120 
Outer Arm (Milky Way) 58 
outer planets 230-1 
Owl Nebula (M97) 110, 111 
oxygen 29, 33, 197 
and life 83 
Ring Nebula 122, 123 


BD 
DB, 


Pan (Greek god) 186 
parallax method 23 
Parsons, William 79 
particles 14, 16 
collisions 30 
subatomic 16, 18, 26, 35, 36, 75 
Pavo 188, 216 
Peacock (Alpha Pavonis) 216 
Pegasus 51, 68, 89, 150-1 
Pelican Nebula 29 
Pencil Nebula (NGC 2736) 200 
Penzias, Arno 16 
Perseid meteor shower 130 
Perseus 106, 130-1 
Perseus A (NGC 1275) 130 
Perseus Arm 58, 59 
Perseus (mythological hero) 106, 126, 130, 
158 
Persian astronomers 89 


PGC 6240 see White Rose Galaxy 
Phact (Alpha Columbae) 195 

Phad (Gamma Ursae Majoris) 110, 111 
Phaenomena (Euxodus) 88 
Phaethon (asteroid) 166 

Phaethon (Greek mythology) 160 
Pherkad (Gamma Ursae Minoris) 102 
Phi Andromedae 126 

Phi Sagittarii 184 

Phi Velorum 201 

philosophers, study of the Universe 16-17 
Phobos 225 

Phoenix 188, 209 

Phoenix Cluster 209 

photometers 76 

photons 26, 32 

photosphere 20, 26, 27, 227 
photosynthesis 83 

Pi Andromedae 127 

Pi Aquarii 152 

Pi Herculis 118, 119 

Pi Hydrae 173 

Pi Hydri 217 

Pi Puppis 196 

pictogram messages 83 

Pictor 212 

PictorA 212 

“pillars of creation” 142 

Pinwheel Galaxy (M101) 46, 110, 111 
Pioneer 10 probe 83 

Pioneer 11 probe 83 

Pipe Nebula 144, 145 

Pisces 51, 154-5, 157 

Piscis Austrinus 152, 187, 188, 189 
Pistol star 24 

PKS 0637-752 219 


Plancius, Petrus 88, 109, 171, 178, 188, 195, 


214,215 
Planck satellite 58, 72 
planetary nebulae 28, 29, 32-3 
evolution of 122 
Ring Nebula 122-3 
planetary systems 
extrasolar 46-7 
life-supporting worlds in 83 
multiplanetary systems 47, 48-9 
planets 11, 19 
discovery of 223 
extrasolar planetary systems 46-7 
formation of 30, 187, 224, 225 
inner planets 228-9 
multiplanetary systems 47, 48-9 
outer planets 230-1 
transfer of life between 82 
plants, photosynthesis 83 
plasma 222, 226, 227 
the Pleiades (M45) 156, 157 
The Plough 110 
Polaris (Alpha Ursae Minoris) 96, 102, 103, 
110 
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